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(54) DATA RECORDING MEMBRANE AND MEDIUM 

(57)Abstract: 

PURPOSE: To enable many-time rewriting, and super-resolving 
reading while keeping high recording/reproducing characteristics. 
CONSTITUTION: Or and at least one element X selected from Ag, 
Ba. Co, Ni, Pt, Si, Sr, Au, Cd. Cu, Li, Mo. Mn, Zn. Al, Fe,' Pb, Na. Cs. 
Ga, Pd, Bi, Sn, Ti, V, In and a lanthanide element or B are added to 
an Sb-Te-Ge or Sb-Te-In base phase change type recording 
membrane 3 or super-resolving reading membrane. A component 3b 
having an m.p. higher than that of the phase change component 3a is 
precipitated in the recording membrane 3 or super-resolving reading 
membrane to prevent the flow/segregation of the membrane at the 
time of recording/erasure and super-resolving reading. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It sets to the thin film for information record which records and reproduces information by atomic 
arrangement change which was formed through direct or a protective layer on the substrate, and which is 
produced in response to the exposure of a energy beam, and the average presentation of the direction of 
thickness of said thin frim for information record is a general formula SbxTeyApBqCr. (1) 
At least one element chosen from the 1st group to which it is expressed, and which it appears, and said A 
becomes from germanium and In, At least one element chosen from the 2nd group which said B becomes 
from a lanthanoids, and Ag, Ba, Co, Cr, nickel, Pt, Si, Sr, Au, Cd, Cu, Li, Mo, Mn, Zn, aluminum, Fe, Pb, Na, Cs, 
Ga, Pd, Bi, Sn, Ti and V, Said C expresses at least one element other than the element expressed with Sb, 
Te, and said A and B, and each unit of said x, and y, p, q and r is an atomic ratio. The thin film for information 
record characterized by being in the range of 2<=x<=41, 25<=y<=75, 0.1<=p<=60, 3<=q<=40, and 0.1<=r<=30, 
respectively. 

[Claim 2] It sets to the thin film for information record which records and reproduces information by atomic 
arrangement change which was formed through direct or a protective layer on the substrate, and which is 
produced in response to the exposure of a energy beam, and the average presentation of the direction of 
thickness of said thin film for information record is a general formula SbxTeyApBq. (2) 
At least one element chosen from the 1st group to which it is expressed, and which it appears, and said A 
becomes from germanium and In, Said B expresses at least one element chosen from the 2nd group which 
consists of a lanthanoids, and Ag, Ba, Co, Cr, nickel, Pt, Si, Sr, Au, Cd, Cu, Li, Mo, Mn, Zn, aluminum, Fe, Pb, 
Na, Cs, Ga, Pd, Bi, Sn, Ti and V. Each unit of said x, and y, p and q is a thin film for information record which 
is an atomic ratio and is characterized by being in the range of 2<=x<=41, 25<=y<=75, 0.1<=p<=60, and 
3<=q<=40, respectively. 

[Claim 3] It sets to the thin film for information record which records and reproduces information by atomic 
arrangement change which was formed through direct or a protective layer on the substrate, and which is 
produced in response to the exposure of a energy beam, and the average presentation of the direction of 
thickness of said thin film for information record is a general formula SbxTeyBqCr. (3) 
At least one element chosen from the group to which it Is expressed, and which it appears, and said B 
becomes from a lanthanoids, and Ag, Ba, Co, Cr, nickel, Pt, Si, Sr, Au, Cd, Cu, Li, Mo, Mn, Zn, aluminum, Fe, 
Pb, Na, Cs, Ga, Pd, Bi, Sn, Ti and V, Said C expresses at least one element other than the element expressed 
with Sb, Te, and said B, and each unit of said x, and y, p and q is an atomic ratio. The thin film for information 
record characterized by being in the range of 2<=x<=41, 25<=y<=75, 3<=q<=40, and 0.1<=r<=30, respectively. 
[Claim 4] It sets to the thin film for information record which records and reproduces information by atomic 
arrangement change which was formed through direct or a protective layer on the substrate, and which is 
produced in response to the exposure of a energy beam, and the average presentation of the direction of 
thickness of said thin film for information record is a general formula SbxTeyBq. (4) 

It is come out and expressed. Said B expresses at least one element chosen from the group which consists 
of a lanthanoids, and Ag, Ba, Co, Cr, nickel, Pt, Si, Sr, Au, Cd, Cu, Li, Mo, Mn, Zn, aluminum, Fe, Pb, Na, Cs, 
Ga, Pd, Bi, Sn, Ti and V. Each unit of said x, and y and q is a thin film for information record which is an 
atomic ratio and is characterized by being in the range of 2<=x<=41, 25<=y<=75, and 3<=q<=40, respectively. 
[Claim 5] It sets to the thin film for information record which records and reproduces information by atomic 
arrangement change which was formed through direct or a protective layer on the substrate, and which is 
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produced in response to the exposure of a energy beam, and the average presentation of the direction of 

thickness of said thin film for information record is general formula (GeaSbbTec) 1-dXd. (5) 

It is come out and expressed. Said X expresses Cr, Ag, Ba, Co, nickel, Pt, Si, Sr, Au, Cd, Cu, Li, Mo, Mn, Zn, 

aluminum, Fe, Pb, Na, Cs, Ga, Pd, Bi, Sn, Tl, V, In, W and Zn, and at least one element of a lanthanoids. The 

thin film for information record with which said a, b, c, and d are characterized by being in the range of 

0.02<=a<=0.19, 0.04<=b<=0.4, 0.5<=c<=0.75, and 0.03 <=d<=0.3, respectively, respectively. 

[Claim 6] It sets to the thin film for information record which records and reproduces information by atomic 

arrangement change which was formed through direct or a protective layer on the substrate, and which is 

produced in response to the exposure of a energy beam, and the average presentation of the direction of 

thickness of said thin film for information record is general formula (GeaSbbTec) 1-dXd. (5) 

It is come out and expressed. Said X expresses Cr, Ag, Ba, Co, nickel, Pt, Si, Sr, Au, Cd, Cu, Li, Mo, Mn, Zn, 

aluminum, Fe, Pb, Na, Cs, Ga, Pd, Bi, Sn, Ti, V, In, W and Zn, and at least one element of a lanthanoids. The 

thin film for information record with which said a, b, c. and d are characterized by being in the range of 

0.25<=a<=0.65, 0<=b<=0.2, 0.35<=c<=0.75, and 0.03<=d<=0.3, respectively. 

[Claim 7] The thin film for information record according to claim 1 to 6 characterized by either [ said / at 
least ] B or X having a concentration gradient in the direction of thickness. 

[Claim 8] The thin film for information record according to claim 1 to 6 with which the sludge with which the 
melting point consists of a high high-melting component relatively is included from the residual element of 
the thin film concerned, and the sludge contains the element expressed with either [ said / at least ] B or X. 
[Claim 9] The thin film for information record given in either of claims 1, 2, 5, and 6 characterized by including 
the sludge with which the melting point consists of a high high-melting component relatively from the residual 
element of the thin film concerned, and a part of high-melting component [ at least ] existing in the optical 
incidence side of the thin film concerned in the range of 1-1 Onm of average thickness in the shape of 
discontinuous film. 

[Claim 10] The thin film for information record given in either of claims 1, 2, 5, and 6 which contain the sludge 
with which the melting point consists of a high high-melting component relatively from the residual element of 
the thin film concerned, and have the sum of the atomic number of the configuration element of a high- 
melting component in 10 - 50% of range to the sum of all the atomic numbers of the configuration element of 
the thin film concerned. 

[Claim 11] The thin film for information record given in either of claims 1, 2, 5, and 6 characterized by 
including the sludge with which the melting point consists of a high high-melting component relatively from 
the residual element of the thin film concerned, and a high-melting quantitative formula changing in the 
direction of thickness. 

[Claim 12] The sludge with which the melting point consists of a high high-melting component relatively is 
included from the residual element of the thin film concerned, and it is LjHk about the average presentation 
of the thin film concerned by the high-melting component H of an element simple substance, the low-melt 
point point component L of a compound presentation and an element simple substance, or a compound 
presentation. (6) 

When expressed with a ** type, it is 20 <=k/0+k) <=40. It is a thin film for information record given in either 
of claims 1 , 2, 5, and 6 which consider the presentation which is (7) as a criteria presentation, and are 
characterized by the content in the inside of the film of each element which constitutes the above- 
mentioned thin film for information record being within the limits of value**1 0 atom % decided by said formula. 

[Claim 1 3] The thin film for information record given in either of claims 1 , 2, 5, and 6 whose melting points of 
a high-melting component the sludge with which the melting point consists of a high high-melting component 
relatively is included fi-om the residual element of the thin film concerned, and are more than 780-degreeC. 
[Claim 14] The thin film for information record given in either of claims 1, 2, 5, and 6 whose differences of the 
melting point of a high-melting component and the melting point of the residual element of the thin film 
concerned the sludge with which the melting point consists of a high high-melting component relatively is 
included from the residual element of the thin film concerned, and are more than 1 50-degreeC. 
[Claim 15] That the sludge with which the melting point consists of a high high-melting component relatively 
is included from the residual element of the thin film concerned, and the thin film concerned of the sludge of 
a high-melting component is granular inside, or the thin film for information record given in either of claims 1, 
2, 5, and 6 distributed in the shape of a column. 

[Claim 16] The thin film for information record given in either of claims 1, 2, 5, and 6 whose dimensions 
outside max in the direction of a film surface of the thin film of the sludge of a high-melting component 
concerned the sludge with which the melting point consists of a high high-melting component relatively is 
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^included from the residual element of the thin film concerned, and are 5nm or more and 50nm or less. 
[Claim 17] The thin film for information record given in either of claims 1, 2, 5, and 6 whose thickness lay 
length of a sludge the sludge with which the melting point consists of a high high-melting component 
relatively is included from the residual element of the thin film concerned, the sludge of a high-melting 
component is prolonged in the shape of a column in the direction of thickness from the interface of both thin 
films concerned, and is the following (1/2) of the thickness of the thin film concerned in 5nm or more. 
[Claim 18] The thin film for information record given in either of claims 1, 2, 5, and 6 whose thickness lay 
length of said sludge the sludge with which the melting point consists of a high high-melting component 
relatively is included from the residual element of the thin film concerned, the sludge of a high-melting 
component is prolonged in the shape of a column in the direction of thickness from one interface of the thin 
film concerned, and is below the thickness of the thin film concerned in lOnm or more. 
[Claim 19] The thin film for information record given in either of claims 1, 2, 5, and 6 whose thickness lay 
length of the sludge of a high-melting component the sludge with which the melting point consists of a high 
high-melting component relatively is included from the residual element of the thin film concerned, and is 
below the thickness of the thin film concerned in lOnm or more. 

[Claim 20] The thin film for information record given in either of claims 1, 2, 5, and 6 whose die length to 
which the straight line which connects the center to center of the sludge of said two high-melting 
components which contains the sludge with which the melting point consists of a high high-melting 
component relatively from the residual element of the thin film concerned, and adjoin passes along the field 
between these sludges by the direction of a film surface of the thin film concerned is 20nm or more and 
90nm or less. 

[Claim 21] The thin film for information record given in either of claims 1, 2, 5, and 6 from which the porous 
sludge with which the melting point consists of a high high-melting component relatively is included from the 
residual element of the thin film concerned, and the residual element concerned is distributed in the hole of 
said porosity sludge. 

[Claim 22] The thin film for information record given in either of claims 1, 2, 5, and 6 whose maximum wall 
thickness in the direction of a film surface of the thin film of the field between said holes which are adjoining 
two concerned the sludge with which the melting point consists of a high high-melting component relatively is 
included from the residual element of the thin film concerned, the maximum hole dimension in the direction of 
a film surface of the thin film of the hole of the porosity-like sludge of a high-melting component concerned 
is 80nm or less, and is 20nm or less. 

[Claim 23] The thin film for information record given in either of claims 1 , 2, 5, and 6 whose melting points of 
the residual element of the thin film concerned the sludge with which the melting point consists of a high 
high-melting component relatively is included from the residual element of the thin film concerned, and are 
below 650-degreeC. 

[Claim 24] The thin film for information record given in either of claims 1, 2, 5, and 6 whose melting points of 
the residual element of the thin film concerned the sludge with which the melting point consists of a high 
high-melting component relatively is included from the residual element of the thin film concerned, and are 
below 250-degreeC. 

[Claim 25] The thin film for information record given in either of claims 1 , 2, 5, and 6 from which the sludge 
with which the melting point consists of a high high-melting component relatively is included from the residual 
element of the thin film concerned, and either [ at least ] the real part of the complex index of refraction of 
the thin film concerned or imaginary part changes with the exposures of light 20% or more to it before an 
exposure. 

[Claim 26] The thin film for information record characterized by to be distributed in the field where the sludge 
with which the melting point consists of a high high-melting component relatively from the residual element of 
the thin film concerned is included, and the sludge consists of a residual element of the thin film concerned in 
the thin film for information record which records and reproduces information by atomic-arrangement change 
which was formed through direct or a protective layer on the substrate, and which is produced in response to 
the exposure of a energy beam. 

[Claim 27] The thin film for information record according to claim 26 whose dimensions outside max in the 
direction of a film surface of the thin film of the sludge of said high-melting component concerned are 5nm or 
more and 50nm or less. 

[Claim 28] The thin film for information record according to claim 26 whose thickness lay length of said 
sludge the sludge of said high-melting component is prolonged in the shape of a column in the direction of 
thickness from the interface of both thin films concerned, and is the following (1/2) of the thickness of the 
thin film concerned in 5nm or more. 
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[Claim 29] The thin film for information record according to claim 26 whose thickness lay length of said 
sludge the sludge of said high-melting component is prolonged in the shape of a column in the direction of 
thickness from one interface of the thin film concerned, and is below the thickness of the thin film concerned 
in lOnm or more. 

[Claim 30] The thin film for information record according to claim 26 whose thickness lay length of the sludge 
of said high-melting component is below the thickness of the thin film concerned in lOnm or more. 
[Claim 31] The thin film for information record according to claim 26 whose die length to which the straight 
line which connects the center to center of the sludge of said two adjoining high-melting components passes 
along the field between these sludges by the direction of a film surface of the thin film concerned is 20nm or 
more and 90nm or less. 

[Claim 32] The thin film for information record characterized by to include the porous sludge with which the 
melting point consists of a high high-melting component relatively from the residual element of the thin film 
concerned in the thin film for information record which records and reproduces information, and to be 
distributed the residual element of the thin film concerned in the hole of said porosity sludge by atomic- 
arrangement change which was formed through direct or a protective layer on the substrate, and which is 
produced in response to the exposure of a energy beam. 

[Claim 33] The thin film for information record according to claim 32 whose maximum wall thickness in the 
direction of a film surface of the thin film of the field between said holes which are adjoining two concerned 
the maximum inside dimension method in the direction of a film surface of the thin film of the hole of the 
porosity-iike sludge of said high-melting component concerned is 80nm or less, and is 20nm or less. 
[Claim 34] The thin film for information record according to claim 26 or 32 whose melting point of the residual 
element of the thin film concerned is below 650-degreeC. 

[Claim 35] The thin film for Information record according to claim 26 or 32 whose melting point of the residual 
element of the thin film concerned is below 250-degreeC. 

[Claim 36] The thin film for information record according to claim 26 or 32 from which either [ at least ] the 
real part of the complex index of refraction of the thin film concerned or imaginary part changes with the 
exposures of light 20% or more to it before an exposure. 

[Claim 37] The thin film for information record according to claim 26 or 32 which has the sum of the atomic 
number of the configuration element of said high-melting component in 1 0 - 50% of range to the sum of all 
the atomic numbers of the thin film concerned. 

[Claim 38] About an average presentation, it is LjHk by the high-melting component H of an element simple 
substance, the low-melt point point component L of a compound presentation and an element simple 
substance, or a compound presentation. (6) 

the time of expressing with a ** type — 20 <=k/0+k) <=40 (7) it is — thin film for information record 
according to claim 26 or 32 which considers a presentation as a criteria presentation and is characterized by 
the content in the inside of the film of each element which constitutes the above-mentioned thin film for 
information record being within the limits of value**10 atom % decided by said formula. 

[Claim 39] The thin film for information record according to claim 26 or 32 whose melting point of said high- 
melting component is more than 780-degreeC. 

[Claim 40] The thin film for information record according to claim 26 or 32 whose difference of the melting 
point of said high-melting component and the melting point of the residual element of the thin film concerned 
is more than 1 50-degreeC. 

[Claim 41] The thin film for information record given in either of claims 1, 2, 5, and 6 whose elements 
expressed with either [ said / at least ] B or X are Cr. 

[Claim 42] The thin film for information record given in either of claims 1, 2, 5, and 6 whose elements 
expressed with either [ said / at least ] B or X are Mo, and Si, Pt, Co, Mn and W. 

[Claim 43] The manufacture approach of the thin film for information record which is the manufacture 
approach of the thin film for information record which records and reproduces information by atomic- 
arrangement change which was formed through direct or a protective layer on a substrate, and which 
produces in response to the exposure of a energy beam, and characterizes by coming to have the process 
which forms a thin film through direct or a protective layer on a substrate, and the process which a energy 
beam irradiates [ process ], and generate or grow up a high-melting component into said thin film into said 
thin film. 

[Claim 44] It is the manufacture approach of the thin film for information record which records and 
reproduces information by atomic arrangement change which was formed through direct or a protective layer 
on the substrate, and which is produced in response to the exposure of a energy beam. The process which is 
made to put the ingredient which has the presentation near the presentation of the ingredient of a high- 
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^ melting component, or a high-melting component through direct or a protective layer on a substrate, and 
forms island-shape seed crystal. The manufacture approach of the thin film for information record 
characterized by coming to have the process into which said residual element is grown up so that between 
these seed crystal may be filled while making the ingredient containing said high-melting component and said 
residual element put on said seed crystal and growing up said high-melting component on said seed crystal 
alternatively. 

[Claim 45] The manufacture approach of the thin film for information record which is the manufacture 
approach of the thin film for information record which records or reproduces information by atomic- 
arrangement change which was formed through direct or a protective layer on a substrate, and which 
produces in response to the exposure of a energy beam, and is characterized by to have the process which 
changes the content of a high-melting component in the direction of thickness at the time of formation of 
the film which consists of a phase change component and a high-melting component through direct or a 
protective layer on a substrate. 

[Claim 46] Claims 1-6, the information record medium which equipped either 26 and 32 with the thin film for 
information record of a publication as a recording layer. 

[Claim 47] Claims 1-6, the information record medium which equipped either 26 and 32 with the thin film for 
information record of a publication as a mask layer for super resolution read-out. 

[Claim 48] Claims 1-6, the information record medium which equipped either 26 and 32 with the thin film for 
information record of a publication as a reflecting layer for super resolution read-out. 
[Claim 49] Claims 1-6 whose melting points of said residual element after a deposit of said high-melting 
component are below 650-degreeC, the information record medium which equipped either 26 and 32 with the 
thin film for information record of a publication. 

[Claim 50] Claims 1-6 whose reflection factors of said reflecting layer are 60% or more, the information 
record medium which equipped either 26 and 32 with the thin film for information record of a publication. 
[Claim 51] The information record medium equipped with the interlayer of the two-layer structure of the 
layer which equips either [ claims 1-6 and ] 26 and 32 with the thin film for information record of a 
publication as a recording layer or a mask layer for super resolution read-out, and contains Si in a reflecting 
layer side, and the layer which uses ZnS as a principal component at a record film side. 

[Claim 52] The information record medium which was equipped with the thin film for information record which 
records or reproduces information by atomic arrangement change which was formed through direct or a 
protective layer on the substrate, and which is produced in response to the exposure of a energy beam as a 
recording layer or a mask layer for super resolution read-out, and was equipped with the reflecting layer 
which is the presentation near at least one of Si-Sn, Si-germanium, and the Si-In compounds, or this. 
[Claim 53] The information record medium in which is equipped with the thin film for information record which 
records or reproduces information by atomic arrangement change which was formed through direct or a 
protective layer on the substrate, and which is produced in response to the exposure of a energy beam as a 
recording layer or a mask layer for super resolution read-out, and the thickness of a reflecting layer has the 
1 50nm or more description which is 300nm or less. 

[Claim 54] The information record medium which was equipped with the thin film for information record which 
records or reproduces information by atomic arrangement change which was formed through direct or a 
protective layer on the substrate, and which is produced in response to the exposure of a energy beam as a 
recording layer or a mask layer for super resolution read-out, and equipped the optical incidence side with 
the protective layer of ZnS-SiO two-layer two-layer structure at the SiO two-layer and record film side. 
[Claim 55] It is the thin film for super resolution read-out which is a thin film for super resolution read-out 
which is formed through direct or a protective layer on a substrate, and produces the super resolution 
effectiveness in response to the exposure of the beam for read-out, and is characterized by the high-melting 
component depositing including a high-melting component at least with the melting point higher than a phase 
change component and this phase change component. 

[Claim 56] Said high-melting component is pillar-shaped or a thin film for super resolution read-out according 
to claim 55 characterized by depositing as a massive sludge. 

[Claim 57] Said high-melting component is a thin film for super resolution read-out according to claim 55 
characterized by depositing as a porosity-like sludge. 

[Claim 58] It is the thin film for super resolution read-out which is formed through direct or a protective layer 
on a substrate, and produces the super resolution effectiveness in response to the exposure of the beam for 
read-out. At least one element with which the average presentation was expressed with the general formula 
DeEfFg, and said D was chosen from Sn, Pb, Bi. Zn, Ga, and In, Said E As, B, C. N, O, S, Se, Si, Te, Ag, 
aluminum, Au, Ba, Be, calcium, Cd, Co, Cr, Cs, Cu, Fe, germanium, Hf, Hg, Ir, K, Li, Mg, Mn, Mo, Na, Nb, nickel. 
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- Os, Pd, Ft, Rb, Re, Rh, Ru, Sb, At least one element chosen from the group which consists of Sc, Sr, Ta, Tl, 
V, W, Y, and Zr, and said F express at least one element except being expressed with said D and said E, and 
said each of units of e, f, and g is atomic ratios. The thin film for super resolution read-out according to claim 
55 characterized by being in the range of 30<=e<=95, 5<=f<=50, and 0<=g<=20, respectively. 
[Claim 59] About an average presentation, it is LjHk by the high-melting component H of an element simple 
substance, the low-melt point point component L of a compound presentation and an element simple 
substance, or a compound presentation. (6) 

the time of expressing with a ** type — 20 <=k/(j+k) <=40 (7) it is — thin film for super resolution read-out 
according to claim 55 which considers a presentation as a criteria presentation and is characterized by the 
content in the inside of the film of each element being within the limits of value^C^IO atom % decided by said 
formula. 

[Claim 60] The thin film for super resolution read-out according to claim 55 characterized by each of low- 
melt point point components and high-melting components containing a metal or metalloid element more than 
50 atom %. 

[Claim 61] The information record medium characterized by having prepared the thin film for super resolution 
read-out indicated by claim 55 on the transparence substrate with which information was recorded, and 
preparing a reflecting layer on it with irregularity. 

[Claim 62] The information record medium characterized by preparing the protective layer between the thin 
films for super resolution read-out indicated by the transparence substrate with which information was 
recorded by irregularity, and claim 55. 

[Claim 63] The information record medium characterized by preparing the interlayer between the thin film for 
super resolution read-out indicated by claim 55, and a reflecting layer. 

[Claim 64] The information record medium characterized by having prepared the thin film for super resolution 
read-out indicated by claim 55 on the transparence substrate, having formed information record film on it, 
and preparing a reflecting layer on it further. 

[Claim 65] The information record medium characterized by preparing the protective layer between the thin 
films for super resolution read-out indicated by the transparence substrate and claim 55. 
[Claim 66] The information record medium characterized by preparing the interlayer between the thin film for 
super resolution read-out indicated by claim 55, and information record film, or in either [ at least ] between 
information record film and a reflecting layer. 

[Claim 67] Equipment for super-resolution read-out characterized by to have a means detect turbulence of 
the intensity distribution of the reflected light at the time of super resolution read-out, and a means adjust 
laser power according to the above-mentioned scale of turbulence, in the equipment for super-resolution 
read-out equipped with the information record medium equipped with the thin film for super resolution read- 
out indicated by claim 55, and the optical head which irradiates a laser beam at said information record 
medium, and detects the reflected light. 

[Claim 68] In the equipment for super resolution read-out equipped with the information record medium 
equipped with the thin film for super resolution read-out according to claim 55, and the optical head which 
irradiates a laser beam at said information record medium, and detects the reflected light, said laser beam is 
pulsed light, and the relation of the period T of a laser pulse, linear velocity v, the diameter of a spot 
(lambda/NA), and pulse width x is 0.4 lambda/NA<=vT <=1.5 lambda/NA. (9) 
and ~ 0.3 <=x/T<=0.5 (10) 

******** — the equipment for super resolution read-out characterized by things. 

[Claim 69] It is equipment for super-resolution read-out characterized by to have a means set the output of 
a laser beam as the output which does not dissolve the whole film in the field used as the maximum 
temperature of the thin film for super resolution read-out, either in the equipment for super resolution read- 
out equipped with the information record medium equipped with the thin film for super resolution read-out 
according to claim 55, and the optical head which irradiates a laser beam at said information record medium, 
and detects the reflected light. 

[Claim 70] In the thin film for information record which records and reproduces information by atomic 
arrangement change which was formed through direct or a protective layer on the substrate, and which is 
produced in response to the exposure of a energy beam By repeating a laser beam and irradiating it in the 
informational record regenerative apparatus or the equipment for initial crystallization of a medium using the 
medium for information record which has the thin film concerned The thin film for information record 
characterized by being distributed in the field where a high-melting component with the high melting point 
deposits relatively, and the sludge consists of a residual element of the thin film concerned from the residual 
element of the thin film concerned. 
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[Claim 71] Were formed through direct or a protective layer on the substrate. By repeating a laser beam and 
irradiating it in the informational record playback approach or the approach for initial crystallization of a 
medium using the medium for information record which has the thin film for information record which records 
and reproduces information, by atomic arrangement change produced in response to the exposure of a 
energy beam The record playback approach of the information characterized by making it distributed in the 
field where a high-melting component with the high melting point deposits relatively, and the sludge consists 
of a residual element of the thin film concerned from the residual element of the thin film concerned. 
[Claim 72] By repeating a laser beam and irradiating it in the thin film concerned, in the informational record 
regenerative apparatus or the equipment for initial crystallization of a medium using the medium for 
information record which has the thin film concerned The thin film for information record according to claim 1 
to 6 with which a high-melting component with the high melting point deposits more relatively than the 
residual element of the thin film concerned, it is distributed in the field where the sludge consists of a 
residual element of the thin film concerned, and the sludge is characterized by including the element 
expressed with either [ said / at least ] B or X. 

[Claim 73] It is the manufacture approach of the medium for information record which records and 
reproduces information by atomic arrangement change which was formed through direct or a protective layer 
on the substrate, and which is produced in response to the exposure of a energy beam. The process which 
forms a protective layer, record film or the super resolution readout film, an interlayer, and a reflecting layer 
on a substrate. The manufacture approach of the medium for information record characterized by coming to 
have the process which a energy beam is irradiated [ process ], and generates or grows up a high-melting 
component into the process which sticks on this another substrate or another substrate which formed said 
each class similarly, and said medium into said thin film. 

[Claim 74] It is the manufacture approach of the medium for information record which records and 
reproduces information by atomic arrangement change which was formed through direct or a protective layer 
on the substrate, and which is produced in response to the exposure of a energy beam. The process which is 
made to put an ingredient with the presentation near the presentation of the ingredient of the process which 
forms a protective layer on a substrate, and a high-melting component, or a high-melting component, and 
forms island-shape seed crystal, While making the ingredient containing said high-melting component and said 
residual element put on said seed crystal and growing up said high-melting component on said seed crystal 
alternatively The manufacture approach of the medium for information record characterized by coming to 
have with the process into which said residual element is grown up so that between these seed crystal may 
be filled, the process which forms an interlayer and a reflecting layer, and the process which sticks on this 
another substrate or another substrate which formed said each class similarly. 

[Claim 75] The process which is the manufacture approach of the medium for information record which 
records or reproduces information, and forms a protective layer on a substrate by atomic arrangement 
change which was formed through direct or a protective layer on the substrate, and which is produced in 
response to the exposure of a energy beam. The process which changes the content of a high-melting 
component in the direction of thickness, forming the film which consists of a phase change component and a 
high-melting component, The manufacture approach of the medium for information record characterized by 
having the process which forms an Interlayer and a reflecting layer, and the process which sticks on this 
another substrate or another substrate which formed said each class similarly. 



[Translation done.] 
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^[0001] 

[Industrial Application] If this invention says in more detail about the thin film for information record, its 
manufacture approach, and an information record medium Digital information, such as information, data of a 
computer, a facsimile signal, a digital audio signal, etc. which carried out FM modulation and acquired analog 
signals, such as an image and voice, for example, a laser beam, It is related with the information record 
medium using the thin film for information record which can be recorded and reproduced on real time by 
energy beams, such as an electron ray, or the thin film for super resolution read-out, its manufacture 
approach and its thin film for information record, or the thin film for super resolution read-out. 
[0002] 

[Description of the Prior Art] Although various principles which irradiate a laser beam and record information 
on a thin film (record film) are known, it has the advantage in which phase transition (called the phase 
change), photograph dark NINGU, etc. of a film ingredient stick the disk member of two sheets directly since 
the thing using the atomic arrangement change by the exposure of a laser beam is hardly accompanied by 
deformation of a thin film, and the information record medium of double-sided disk structure is obtained. 
Moreover, there is an advantage which can rewrite information in the record film of a GeSbTe system or an 
InSbTe system. 

[0003] However, in this kind of record film, if many rewritings which exceed 104 times in pit edge record 105 
times are performed in pit position record, since it will rewrite by flow of record film and a property will fall, 
the method of preventing a flow of record film is studied. By the laser radiation at the time of record, record 
film flows, record film is pushed little by little by deformation by the thermal expansion of a protective layer 
or an interlayer, and a flow of record film is produced. 

[0004] For example, the method of preventing a flow by microcell-ization of record film is indicated by JP,4- 
2281 27,A, and it is reference. Record film is made thin and the method of preventing a flow of record film 
using the effect of adhesion force with the layer which lowers heat capacity and adjoins becoming large is 
indicated by T.Ohta et al."Optical Data Strage"'89 Proc.SPIE, 1078, and 27 (1989). 

[0005] The analog information signal which carried out FM modulation of a video signal, the sound signal, etc., 
and the data of a computer. The optical disk which imprinted digital information signals, such as a facsimile 
signal and a digital audio signal, as irregularity on the substrate front face, In the optical disk which has the 
thin film for record of the information which can record a signal and data on real time by beams for record, 
such as a laser beam and an electron ray, etc. Most signal re-biodegradation ability is decided by the 
wavelength lambda of the light source of playback optical system, and the numerical aperture NA of an 
objective lens, and record mark period 2 NA/lambda reads it, and it is limitations. 

[0006] The medium with the melting mask layer for carrying out high density playback of the data which the 
approach of reproducing the data recorded with irregularity as technique for a raise in recording density using 
the medium from which a reflection factor changes with phase changes was indicated by JP,3-292632,A, and 
were recorded on phase change record film is indicated by JP, 5-73961 , A. 

[0007] In addition, on these specifications, the vocabulary a "phase change" is used as a thing not only 
including the phase change between crystal-amorphous but fusion (change to the liquid phase), 
recrystallization, and the phase change between crystallized state-crystallized states. 
[0008] 

[Problem(s) to be Solved by the Invention] When using as record film of a rewritable phase transition mold, 
each conventional record film has the problem of regenerative-signal reinforcement becoming less enough 
etc., if the ** [ to which a crystallization rate will become slow if a ** rewritable count is made / many ] 
rewritable count whose ** rewritable count is not enough is made [ many ]. 

[0009] Then, the purpose of this invention is to offer the information record medium using the thin film for 
information record in which many rewritings are more possible than before, its manufacture approach, and its 
thin film, holding good record and reproducing characteristics. 

[0010] Moreover, an approach given in JP,3-292632,A is Sb2Se3. Using the film, a phase change is partially 
carried out within the scan spot of read-out light, a reflection factor is changed, and the phase pit only in a 
high reflection factor field is read. By this approach, since the melting point of the above-mentioned film is an 
elevated temperature, the exposure power of laser is high and it cannot apply to phase-change optical disks 
other than the optical disk which recorded information in the phase pit, a magneto-optic disk, etc. 
Furthermore, if many read-out is repeated, a membranous flow and a segregation will arise little by little, and 
there is a fault, like there are few counts which can be super resolution read. Moreover, using a melting mask 
layer, a medium given in JP, 5-73961, A is partially fused within the scan spot of read-out light, changes a 
reflection factor, and makes spot size small seemingly. By this medium, the melting mask layer with the low 
melting point is used, since viscosity is low, if many read-out is repeated, a membranous flow and a 
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segregation will arise little by little, and there is a fault, like there are few counts which can be super 
resolution read. 

[001 1] Then, other purposes of this invention are by canceling the fault of the above-mentioned conventional 
technique, being able to apply to the optical disk with which digital information signals, such as analog 
information signals, such as a video signal and a sound signal, and data of a computer, a facsimile signal, a 
digital audio signal, were recorded by irregularity, a phase-change optical disk, a magneto-optic disk, etc., and 
preventing a flow and a segregation to offer the thin film for super resolution read-out which increased the 
count which can be super resolution read. 
[0012] 

[Means for Solving the Problem] 

(1) Set the 1st thin film for information record of this invention to the thin film for information record which 
records and reproduces information by atomic arrangement change which was formed through direct or a 
protective layer on the substrate, and which is produced in response to the exposure of a energy beam, and 
the average presentation of the direction of thickness of said thin film for information record is a general 
formula SbxTeyApBqCr. (1) 

At least one element chosen from the 1st group to which it is expressed, and which it appears, and said A 
becomes from germanium and In, Said B A lanthanoids And Ag, Ba, Co, Cr, nickel. Ft, Si, Sr, Au, Cd, Cu, Li, 
Mo, Mn, Zn, aluminum, Fe. Pb, Na, Cs, Ga, Pd, Bi, (La, Ce. Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb. and 
Lu) At least one element chosen from the 2nd group which consists of Sn, Ti, and V, Said C expresses at 
least one element other than the element expressed with Sb, Te, and said A and B, and each unit of said x, 
and y, p, q and r is an atomic ratio. It is characterized by being in the range of 2<=x<=41, 25<=y<=75, 
0.1<=p<=60, 3<=q<=40, and 0.1<=r<=30, respectively. 

[0013] (2) Set the 2nd thin film for information record of this invention to the thin film for information record 
which records and reproduces information by atomic arrangement change which was formed through direct or 
a protective layer on the substrate, and which is produced in response to the exposure of a energy beam, and 
the average presentation of the direction of thickness of said thin film for information record is a general 
formula SbxTeyApBq. (2) 

At least one element chosen from the 1 st group to which it is expressed, and which it appears, and said A 
becomes from germanium and In, Said B expresses at least one element chosen from the 2nd group which 
consists of a lanthanoids, and Ag, Ba, Go, Cr, nickel. Ft, Si, Sr, Au, Cd, Cu, Li, Mo, Mn, Zn, aluminum, Fe, Fb, 
Na, Cs, Ga, Fd, Bi, Sn, Ti and V. Each unit of said x, and y, d and e is an atomic ratio, and it is characterized 
by being in the range of 2<=x<=41, 25<=y<=75, 0.1<=p<=60, and 3<=q<=40, respectively. 
[0014] This is equivalent to the thing except the element expressed with said C of said 1st thin film for 
information record. 

[0015] (3) Set the 3rd thin film for information record of this invention to the thin film for information record 
which records and reproduces information by atomic arrangement change which was formed through direct or 
a protective layer on the substrate, and which is produced in response to the exposure of a energy beam, and 
the average presentation of the direction of thickness of said thin film for information record is a general 
formula SbxTeyBqCr. (3) 

At least one element chosen from the group to which it is expressed, and which it appears, and said B 
becomes from a lanthanoids, and Ag, Ba, Co, Cr, nickel. Ft, Si, Sr, Au, Cd, Cu, Li, Mo, Mn, Zn, aluminum, Fe, 
Pb, Na, Cs, Ga, Pd, Bi, Sn, Ti and V, Said C expresses at least one element other than the element expressed 
with Sb, Te, and said B, and each unit of said x, and y, e and f is an atomic ratio, and it is characterized by 
being in the range of 2<=x<=41, 25<=y<=75, 3<=q<=40, and 0.1<=r<=30, respectively. 
[0016] This is equivalent to the thing except the element expressed with said A of said 1st thin film for 
information record. 

[0017] (4) Set the 4th thin film for information record of this invention to the thin film for information record 
which records and reproduces information by atomic arrangement change which was formed through direct or 
a protective layer on the substrate, and which is produced in response to the exposure of a energy beam, and 
the average presentation of the direction of thickness of said thin film for information record is a general 
formula SbxTeyBq. (4) 

It is come out and expressed. Said B expresses at least one element chosen from the group which consists 
of a lanthanoids, and Ag, Ba, Co, Cr, nickel. Ft, Si, Sr, Au, Cd, Cu, Li, Mo, Mn, Zn, aluminum, Fe, Pb, Na, Cs, 
Ga, Fd, Bi, Sn, Ti and V. Each unit of said x, and y and e is an atomic ratio, and it is characterized by being in 
the range of 2<=x<=41, 25<=y<=75, and 3<=q<=40, respectively. 

[001 8] This is equivalent to the thing except the element expressed with said A and C of said 1 st thin film for 
information record. 
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[0019] (5) Set the thin film for information record of this invention to the thin film for information record 
which records and reproduces information by atomic arrangement change which was formed through direct or 
a protective layer on the substrate, and which is produced in response to the exposure of a energy beam, and 
the average presentation of said thin film for Information record is general formula (GeaSbbTec) 1-dXd. (5) 
Come out, and it is expressed and said X expresses at least one element which consists of Cr(s), Ag, Ba, Co, 
nickel, Pt, Si, Sr, Au, Cd, Cu, Li, Mo, Mn, Zn, aluminum, Fe, Pb, Na, Cs, Ga, Pd, Bi, Sn, Ti, V and In(s), and 
lanthanoidses. Said a, b, c, and d are characterized by being in the range of 0.02<=a<=0.1 9, 0.04<=b<=0.4, 
0.5<=c<=0.75, and 0.03 <=d<=0.3, respectively. 

[0020] (6) Set the thin film for information record of this invention to the thin film for information record 
which records and reproduces information by atomic arrangement change which was formed through direct or 
a protective layer on the substrate, and which is produced in response to the exposure of a energy beam, and 
the average presentation of said thin film for information record is general formula (GeaSbbTec) 1-dXd. (5) 
Come out. and it is expressed and said X expresses at least one element which consists of Cr(s), Ag, Ba, Co, 
nickel, Pt. Si, Sr, Au, Cd, Cu, Li, Mo, Mn, Zn, aluminum, Fe. Pb, Na, Cs, Ga, Pd, Bi, Sn, Ti, V and In(s), and 
lanthanoidses. Said a, b, c. and d are characterized by being in the range of 0.25<=a<=0.65, 0<=b<=0.2, 
0.35<=c<=0.75, and 0.03<=d<=0.3, respectively. 

[0021] (7) In the thin film for information record given in either [ said ] 1-6, it is characterized by said B or X 
having a concentration gradient in the direction of thickness. 

[0022] (8) It is characterized by including the sludge with which the melting point consists of a high high- 
melting component relatively from the residual element of the thin film concerned in the thin film for 
information record of a publication in either [ said ] 1-6, and the sludge containing the element expressed 
with said B or said X. 

[0023] (9) The sludge with which the melting point consists of a high high-melting component relatively from 
the residual element of the thin film concerned in the thin film for information record of a publication is 
included in either [ said ] 2, 5 and 6, and a part of high-melting component [ at least ] is characterized by 
existing in the optical incidence side of the thin film concerned in the range of 1-1 Onm of average thickness 
in the shape of discontinuous film. 

[0024] (10) It is characterized by including the sludge with which the melting point consists of a high high- 
melting component relatively from the residual element of the thin film concerned in the thin film for 
information record of a publication in either [ said ] 2, 5 and 6, and the sum of the atomic number of the 
configuration element of a high-melting component being in 1 0 - 50% of range to the sum of all the atomic 
numbers of the configuration element of the thin film concerned. 

[0025] (11) It is characterized by including the sludge with which the melting point consists of a high high- 
melting component relatively from the residual element of the thin film concerned, and a high-melting 
quantitative formula changing in the direction of thickness in the thin film for information record of a 
publication, to either [ said ] 2. 5 and 6. 

[0026] (12) In the thin film for information record of a publication, the sludge with which the rhelting point 
consists of a high high-melting component relatively from the residual element of the thin film concerned is 
included in either [ said ] 2, 5 and 6, and it is LjHk about the average presentation of the thin film concerned 
by the high-melting component H of an element simple substance, the low-melt point point component L of a 
compound presentation and an element simple substance, or a compound presentation. (6) 
the time of expressing with a ** type — 20 <=k/(j+K) <=40 (7) it is — a presentation is considered as a 
criteria presentation and it is characterized by the content in the inside of the film of each element being 
within the limits of value**10 atom % decided by said formula. 

[0027] (13) In the thin film for information record of a publication, the sludge with which the melting point 
consists of a high high-melting component relatively from the residual element of the thin film concerned is 
included in either [ said ] 2, 5 and 6, and it is characterized by the melting point of a high-melting component 
being more than 780-degreeC. 

[0028] (14) In the thin film for information record of a publication, the sludge with which the melting point 
consists of a high high-melting component relatively from the residual element of the thin film concerned is 
included in either [ said ] 2. 5 and 6, and it is characterized by the difference of the melting point of a high- 
melting component and the melting point of the residual element of the thin film concerned being more than 
1 50-degreeC. 

[0029] (15) In the thin film for information record of a publication, the sludge with which the melting point 
consists of a high high-melting component relatively from the residual element of the thin film concerned is 
included in either [ said ] 2, 5 and 6, and the sludge of a high-melting component is characterized by granular 
or being distributed in the shape of a column inside the thin film concerned. 
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" [0030] (16) In the thin film for information record of a publication, the sludge with which the melting point 
consists of a high high-melting component relatively from the residual element of the thin film concerned is 
included in either [ said ] 2, 5 and 6, and it is characterized by the dimensions outside max in the direction of 
a film surface of the thin film of the sludge of a high-melting component concerned being 5nm or more and 
50nm or less. 

[0031] (17) The sludge with which the melting point consists of a high high-melting component relatively from 
the residual element of the thin film concerned in the thin film for information record of a publication is 
included in either [ said ] 2, 5 and 6, the sludge of a high-melting component is prolonged in the shape of a 
column in the direction of thickness from the interface of both thin films concerned, and thickness lay length 
of a sludge Is characterized by being the following (1 /2) of the thickness of the thin film concerned by 5nm or 
more. 

[0032] (18) The thin film for information record according to claim 9 or 10 whose thickness lay length of a 
sludge the sludge with which the melting point consists of a high high-melting component relatively from the 
residual element of the thin film concerned in the thin film for information record of a publication is included 
in either [ said ] 2, 5 and 6, the sludge of a high-melting component is prolonged in the shape of a column in 
the direction of thickness from one interface of the thin film concerned, and is below the thickness of the 
thin film concerned in lOnm or more. 

[0033] (19) In the thin film for information record of a publication, the sludge with which the melting point 
consists of a high high-melting component relatively from the residual element of the thin film concerned is 
included in either [ said ] 2, 5 and 6, and thickness lay length of the sludge of a high-melting component is 
characterized by being below the thickness of the thin film concerned by lOnm or more. 
[0034] (20) It is characterized by the die length to which the straight line which connects the center to 
center of the sludge of two high-melting components which contain the sludge with which the melting point 
consists of a high high-melting component relatively from the residual element of the thin film concerned in 
the thin film for information record of a publication, and adjoin either [ said ] 2, 5 and 6 passes along the field 
between these sludges by the direction of a film surface of the thin film concerned being 15nm or more and 
70nm or less. 

[0035] (21) The porous sludge with which the melting point consists of a high high-melting component 
relatively from the residual element of the thin film concerned in the thin film for information record of a 
publication is included in either [ said ] 2, 5 and 6, and it is characterized by distributing the residual element 
concerned in the hole of said porosity sludge. 

[0036] (22) In the thin film for information record given in either [ said ] 2, 5 and 6 The porous sludge with 
which the melting point consists of a high high-melting component more relatively than the residual element 
of the thin film concerned is included. It is characterized by for the maximum hole dimension in the direction 
of a film surface of the thin film of the hole of the porosity-like sludge of a high-melting component 
concerned being 80nm or less, and the maximum wall thickness in the direction of a film surface of the thin 
film of the field between said holes which are adjoining two concerned being 20nm or less. 
[0037] (23) In the thin film for information record of a publication, the sludge with which the melting point 
consists of a high high-melting component relatively from the residual element of the thin film concerned is 
included in either [ said ] 2, 5 and 6, and it is characterized by the melting point of the residual element of the 
thin film concerned being below 650-degreeC. 

[0038] (24) In the thin film for information record of a publication, the sludge with which the melting point 
consists of a high high-melting component relatively from the residual element of the thin film concerned is 
included in either [ said ] 2, 5 and 6, and it is characterized by the melting point of the residual element of the 
thin film concerned being below 250-degreeC. 

[0039] (25) The sludge with which the melting point consists of a high high-melting component relatively from 
the residual element of the thin film concerned in the thin film for information record of a publication is 
included in either [ said ] 2, 5 and 6, and either [ at least ] real part of the complex index of refraction of the 
thin film concerned or imaginary part is characterized by changing with the exposures of light 20% or more to 
it before an exposure. 

[0040] (26) It is characterized by to be distributed in the field where the sludge with which the melting point 
consists of a high high-melting component relatively from the residual element of the thin film concerned is 
included in the thin film for information record which records and reproduces information, and the sludge 
consists of a residual element of the thin film concerned by atomic arrangement change which was formed 
through direct or a protective layer on the substrate, and which is produced in response to the exposure of a 
energy beam. 

[0041] (27) In the thin film for information record given in said 26, it is characterized by the dimensions 
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outside max in the direction of a film surface of the thin film of the sludge of said high-melting component 
concerned being 5nm or more and 50nm or less. 

[0042] (28) In the thin film for information record given in said 26, the sludge of said high-melting component 
Is prolonged in the shape of a column in the direction of thickness from the interface of both thin films 
concerned, and thickness lay length of said sludge is characterized by being the following (1/2) of the 
thickness of the thin film concerned by 5nm or more. 

[0043] (29) In the thin film for information record given in said 26, the sludge of said high-melting component 
is prolonged in the shape of a column in the direction of thickness from one Interface of the thin film 
concerned, and thickness lay length of said sludge is characterized by being below the thickness of the thin 
film concerned by lOnm or more. 

[0044] (30) In the thin film for information record given in said 26, thickness lay length of the sludge of said 
high-melting component is characterized by being below the thickness of the thin film concerned by lOnm or 
more. 

[0045] (31) It Is characterized by the die length to which the straight line which connects the center to 
center of the sludge of said two high-melting components which adjoins said 26 in the thin film for 
information record of a publication passes along the field between these sludges by the direction of a film 
surface of the thin film concerned being 15nm or more and 70nm or less. 

[0046] (32) The thin film for information record characterized by to include the porous sludge with which the 
melting point consists of a high high-melting component relatively from the residual element of the thin film 
concerned in the thin film for information record which records and reproduces information, and to be 
distributed the residual element of the thin film concerned in the hole of said porosity sludge by atomic- 
arrangement change which was formed through direct or a protective layer on the substrate, and which is 
produced In response to the exposure of a energy beam. 

[0047] (33) It Is characterized by the maximum wall thickness in the direction of a film surface of the thin film 
of the field between said holes which are two which the maximum inside dimension method in the direction of 
a film surface of the thin film of the hole of the porosity-like sludge of said high-melting component 
concerned is 80nm or less, and adjoins said 32 in the thin film for information record of a publication 
concerned being 20nm or less. 

[0048] (34) In the thin film for information record given in said 26 or 32, it is characterized by the melting 
point of the residual element of the thin film concerned being below 650-degreeC. 

[0049] (35) In the thin film for information record given in said 32 or 32, it is characterized by the melting 
point of the residual element of the thin film concerned being below 250-degreeC. 

[0050] (36) It Is characterized by either [ at least ] the real part of the complex Index of refraction of the thin 
film concerned or imaginary part changing with the exposures of light 20% or more to It before an exposure in 
the thin film for information record of a publication to either [ said ] 26 or 32. 

[0051] (37) It is characterized by the sum of the atomic number of the configuration element of said high- 
melting component being in either [ said ] 26 or 32 in 1 0 - 50% of range to the sum of all the atomic numbers 
of the thin film concerned in the thin film for information record of a publication. 

[0052] (38) Set to the thin film for information record given in either [ said ] 26 or 32, and it is LjHk about an 
average presentation by the high-melting component H of an element simple substance, the low-melt point 
point component L of a compound presentation and an element simple substance, or a compound 
presentation. (6) 

the time of expressing with a ** type — 20 <=k/G+K) <=40 (7) it is — a presentation is considered as a 
criteria presentation and it is characterized by the content in the inside of the film of each element being 
within the limits of value**10 atom % decided by said formula. 

[0053] (39) In the thin film for information record given In either [ said ] 26 or 32, It Is characterized by the 
melting point of said high-melting component being more than 780-degreeC. 

[0054] (40) In the thin film for information record given in either [ said ] 26 or 32, it is characterized by the 
difference of the melting point of said high-melting component and the melting point of the residual element 
of the thin film concerned being more than 150-degreeC. 

[0055] (41) In the thin film for information record of a publication, the sludge with which the melting point 
consists of a high high-melting component relatively from the residual element of the thin film concerned is 
included in either [ said ] 2, 5 and 6, it is desirable that the elements expressed with said B or said X are Mo, 
and Si, Pt, Co, Mn and W, and it is desirable that it is especially Cr. 

[0056] (42) It is characterized by coming to have the process which forms a thin film through direct or a 
protective layer on a substrate in the manufacture approach of the thin film for information record which 
records and reproduces information by atomic-arrangement change which was formed through direct or a 
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protective layer on the substrate, and which is produced in response to the exposure of a energy beam, and 
the process which a energy beam irradiates [ process ], and generate or grow up a high-melting component 
into said thin film into said thin film. 

[0057] (43) In the manufacture approach of the thin film for information record which records and reproduces 
information by atomic arrangement change which was formed through direct or a protective layer on the 
substrate, and which is produced in response to the exposure of a energy beam The process which is made 
to put the ingredient which has the presentation near the presentation of the ingredient of a high-melting 
component, or a high-melting component through direct or a protective layer on a substrate, and forms 
island-shape seed crystal, While making the ingredient containing said high-melting component and said 
residual element put on said seed crystal and growing up said high-melting component on said seed crystal 
alternatively, it is characterized by coming to have the process into which said residual element is grown up 
so that between these seed crystal may be filled. 

[0058] The average thickness of the film for forming said island-shape seed crystal has 1 nm or more and 
desirable 10nm or less. If the effectiveness of growing up a high-melting component as it is less than 1nm is 
small and exceeds lOnm, it will become the cause of noise increase. 

[0059] By this approach, a high-melting component tends to grow toward that interior from the interface of 
one side of the thin film for information record. 

[0060] It is desirable to use sputtering, although well-known approaches, such as vacuum deposition, vacuum 
evaporationo among gas, sputtering, ion beam vacuum evaporationo, ion plating, and electron beam 
evaporation, can be used for forming membranes by the manufacture approach of said 1 st and 2nd thin films 
for information record. 

[0061] In the case of sputtering, by the approach of carrying out a spatter with the target of a presentation 
of the thin film for record, the homogeneity in the inside of the film can improve a noise low. It is effective in 
being able to bring a deposit of a high-melting component forward and on the other hand, extending a 
rewritable count by the rotation coincidence spatter by the target of a presentation of a high-melting 
component, and the target of a presentation of a residual element. 

[0062] (44) It is characterized by to have the process which changes the content of a high-melting 
component in the direction of thickness at the time of formation of the film which consists of a phase change 
component and a high-melting component through direct or a protective layer in the manufacture approach 
of the thin film for information record which records or reproduces information on a substrate by atomic- 
arrangement change which was formed through direct or a protective layer on the substrate, and which is 
produced in response to the exposure of a energy beam. 

[0063] (45) It is characterized by being the information record medium which equipped said 1-6, or 26 and 32 
with the thin film for information record of a publication as a recording layer. 

[0064] (46) It is characterized by being the information record medium which equipped said 1-6, or 26 and 32 
with the thin film for information record of a publication as a mask layer for super resolution read-out. 
[0065] (47) It is characterized by being the information record medium which equipped said 1-6, or 26 and 32 
with the thin film for information record of a publication as a reflecting layer for super resolution read-out. 
[0066] (48) The melting point of said residual element after a deposit of said high-melting component is 
characterized by being said 1-6, and the information record medium which equipped either 26 and 32 with the 
information record medium of a publication which is below 650-degreeC. 

[0067] (49) In the information record medium which equipped said 1 -6, any 47 of 26 and 32, or 48 with the 
thin film for information record of a publication as a reflecting layer for super resolution read-out, it is 
characterized by the reflection factor of said reflecting layer being 60% or more. 

[0068] (50) In the information record medium which records or reproduces information by atomic arrangement 
change which was formed through direct or a protective layer on the substrate, and which is produced in 
response to the exposure of a energy beam Said 1-6, or 26 and 32 are equipped with the thin film for 
information record of a publication as a recording layer or a mask layer for super resolution reiad-out, and it 
is Si02 to a reflecting layer side. It is ZnS-Si02 to a layer and record film side. It is characterized by having 
the interlayer of the two-layer structure of a layer. 

[0069] (51) In the information record medium which records or reproduces information by atomic arrangement 
change which was formed through direct or a protective layer on the substrate, and which is produced in 
response to the exposure of a energy beam It has the thin film for information record which records or 
reproduces information by atomic arrangement change which was formed through direct or a protective layer 
on the substrate, and which is produced in response to the exposure of a energy beam as a recording layer 
or a mask layer for super resolution read-out. And it is characterized by having the reflecting layer which is 
the presentation near at least one of Si-Sn, Si-germanium, and the Si-In compounds, or this. 
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' [0070] (52) In the information record medium which records or reproduces information by atomic arrangement 
change which was formed through direct or a protective layer on the substrate, and which is produced in 
response to the exposure of a energy beam It has the thin film for information record which records or 
reproduces information by atomic arrangement change which was formed through direct or a protective layer 
on the substrate, and which is produced in response to the exposure of a energy beam as a recording layer 
or a mask layer for super resolution read-out. And the thickness of a reflecting layer has the 150nm or more 
description which is 300nm or less. 

[0071] (53) In the information record medium which records or reproduces information by atomic arrangement 
change which was formed through direct or a protective layer on the substrate, and which is produced in 
response to the exposure of a energy beam It has the thin film for information record which records or 
reproduces information by atomic arrangement change which was formed through direct or a protective layer 
on the substrate, and which is produced in response to the exposure of a energy beam as a recording layer 
or a mask layer for super resolution read-out. And it is characterized by having the protective layer of ZnS- 
SiO two-layer two-layer structure at a SiO two-layer and record film side at an optical incidence side. 
[0072] (54) The ingredient of a protective layer 2 and an interlayer 4 ZnS-Si02, a Si-N system ingredient, a 
Si-O-N system ingredient, Si02, SiO and Ta 205. Ti02 and aluminum 203, Y203, CeO and La 203, In203, 
GeO, Ge02, PbO, SnO. Sn02 and Bi 203, Te02W02, W03, Sc 203, Nitrides, such as oxides, such as Zr02. 
TaN and AIN, Si3N4, and an alumlnum-Si-N system ingredient (for example, AISiN2), Sulfides, such as ZnS, 
Sb2S3, CdS, In2S3, Ga2S3, GeS, SnS2 and PbS, and Bi2S3, Selenides, such as SnSe2, Sb2Se3, OdSe, ZnSe, 
In2Se3, Ga2Se3, GeSe, GeSe2, SnSe, PbSe, and Bi2Se3, It is desirable to use fluorides, such as CeF3, MgF2, 
and CaF2, or Si, germanium and TiB2, B4 0, B, and 0, or the thing of the presentation near the above- 
mentioned ingredient. Moreover, the layers and these multiplex layers of these charges of an admixture are 
sufficient. 

[0073] the case of a multiplex layer — ZnS — more than 70 mol % — the oxide of the included ingredient 2, 
for example, ZnS-SiO, Si and the ingredient which contains at least 1 person of the germanium more than 70 
atom %, for example, Si. or Si, for example, the two-layer film with Si02. is desirable. In this case, in order to 
prevent a record sensibility fall, ZnS-SiO two-layer is prepared in a record film side, and that thickness is set 
to 3nm or more. Moreover, in order to demonstrate the record membrane flow depressor effect by the SiO 
two-layer low-fever expansion coefficient, 10nm or less in thickness is desirable. Although this two-layer film 
is desirable when it is prepared instead of a protective layer 2, you may prepare instead of an interlayer 4. As 
a substitute of a protective layer 2, the SiO two-layer thickness of 50nm or more 250nm or less is desirable. 
When preparing the two-layer film instead of an interlayer, SiO two-layer thickness has lOnm or more 
desirable 80nm or less. It is desirable to prepare these two-layer film, not only when using the record film of 
this invention but when using other phase change record film. 

[0074] When an interlayer's 4 refractive index is in 1.7 or more and 2.3 or less range. 3nm or more. lOOnm or 
less and ISOnm or more, and 400nm or less have desirable thickness. 

[0075] As an ingredient of a reflecting layer 5, since aluminum-Ti and the charge of a Si-germanium 
admixture can make the rate of light absorption of a record mark part smaller than the rate of light 
absorption of parts other than a record mark, it is based on an optical absorption coefficient difference, and 
disappears, the remainder can be prevented, and a rewritable count does not fall further, but it is desirable. 
More than 10 atom %, it is hard to produce a fall and the rewritable count of below 80 atom % is [ the content 
of germanium ] desirable. 

[0076] Subsequently, the same result is obtained and two or more sorts of charges of an admixture of Si-Sn, 
the charge of a Si-In admixture, or the charge of these admixtures are also desirable. Even if it uses as a 
reflecting layer ingredient in the case of using not only the phase change film of this invention but other 
phase change film, since a rewritable count does not fall, these reflecting layer ingredients are desirable 
compared with the conventional thing. 

[0077] Furthermore, the element simple substance of Si, germanium, C, Au, Ag, Cu, aluminum, nickel, Fe. Co. 
Or, Ti, Pd, Pt, W, Ta, Mo, and Sb, Or the layer which consists of an alloy which makes these a principal 
component, or these comrades' alloy may be used, the multiplex layer which consists of those layers may be 
used, and the compound layer of these and other matter, such as an oxide, etc. may be used. 
[0078] In this example, directly, although the polycarbonate substrate 1 in which the irregularity of a tracking 
guide etc. was formed is used for the front face instead, the chemically strengthened glass in which 
polyolefine, epoxy. acrylic resin, and a UV-cured resin layer were formed on the front face etc. may be used 
for it. 

[0079] Even if it rewrites many times compared with the conventional thing, there are few noise rises, a good 
result is obtained and the configuration of the simple laminated structure 3 which omitted a part of interlayer 
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4, reflecting layer 5, and protective layer 2, for example, the 2/record film of 1 /protective layers of 
substrates, the 3/interlayer 4 of 1 /record film of substrates, the 3/reflecting layer 5 of 1 /record film of 
substrates, etc. is also desirable. 

[0080] As stated above, many rewritings are more possible for the thin film for information record of this 
example than before, keeping good record and playback / elimination property. Moreover, there is also an 
advantage that the power of the laser beam used for record and elimination may be low. 
[0081] (55) The thin film for super resolution read-out of this invention which produces the super resolution 
effectiveness in response to the exposure of the beam for super resolution read-out is characterized by 
including a phase change component and the high-melting component which deposited. The thin film for 
super resolution read-out is formed through the protective layer which consists of at least 1 person among 
direct or an inorganic substance, and the organic substance on a substrate. 

[0082] (56) The high-melting component with the high melting point deposits as pillar-shaped, a massive 
sludge, or a porosity-like sludge more relatively than a phase change component. 

[0083] (57) The average presentation of the thin film for super resolution read-out shall be expressed with 
the following general formula. 
[0084] DeEfFg (8) 

At least one element with which said E was chosen from Sn, Pb, Bi, Zn, Ga, and In here, Said E As, B, C, N, 
O, S, Se, Si, Te, Ag, aluminum, Au, Ba, Be, calcium, Cd, Co, Cr, Cs, Cu, Fe, germanium, Hf, Hg, Ir, K, Li, Mg, Mn, 
Mo, Na, Nb, nickel, Os, Pd, Pt, Rb, Re, Rh, Ru, Sb, Said F can express at least one element except being 
expressed with said D and said E by expressing at least one element chosen from the group which consists 
of Sc, Sr, Ta, Ti, V, W, Y, and Zr, for example, it can be referred to as Tl, Br, CI, F, H, I, P, etc. Moreover, said 
each of units of e, f, and g is atomic ratios, and it is desirable that it is in the range of 30<=e<=95, 5<=f<=50, 
and 0<=g<=20, respectively. Furthermore, it is more desirable that it is in the range of 40<=e<=87, 1 3<=f<=40, 
and 0<=g<=10. 

[0085] The elements expressed with said F should just be elements other than Sn and Te, if the elements 
expressed with said D and E are Sn and Te for example, respectively, moreover, the combination of said D, 
D' (in the case [ Said D is D and D' like Above Sn and Zn. ] of two elements), and E and F — setting — D-E, 
E-F, and D' — or the high-melting component made from the combination of -E does not have the eutectic 
point — the eutectic point — **** — even if it is, it is desirable that 150-degree-C or more melting point is 
higher than the melting point of D and D-D'. 

[0086] (58) What an average presentation is expressed with the following general formula to can be used for 
the thin film for super resolution read-out again. 
[0087] SepMqNrOs (11) 

At least one element with which said M was chosen from In, Sb, Bi, Te, Au, B, Cs, Sn, Tl, S, germanium, Fe, 
and Zn here. Said N As, C, N, O, Si, Ag, aluminum, Ba, Be, calcium, Cd, Co, Cr, Cu, Hf, Hg, Ir, K, Li, Mg, Mn, 
Mo, Na. Nb, nickel, Os, Pd, Pt, Rb, Re. Rh, Ru, Sc, Sr, Ta, Ti. V, W. Y, Zr, Pb, At least one element other than 
the element expressed with Ga, U, Se, and said M is expressed. Said O can express at least one element 
except being expressed with Se, said M, and said N, for example, can be set to Br, CI, F, H, I, and P. 
Moreover, they is atomic ratios, as for said each of units of p, q, r, and s, it is desirable that it is in the range 
of 40<=p<=95, 0<=q<=55, 5<=r<=50, and 0<=s<=20, respectively, and it is more desirable that it is in the range 
of 50<=p<=80, 0<=q<=40, 10<=r<=40, and 0<=s<=10. 

[0088] (59) It is LJHk when the average presentation of the thin film for super resolution read-out is 
expressed with a degree type from the high-melting component H of an element simple substance, the low- 
melt point point component L of a compound presentation and an element simple substance, or a compound 
presentation. (6) 

It is desirable that it is within the limits of value**10 atom % decided by the formula (7), and when the 
content in the inside of the film of each element which considers the presentation of the range of a bottom 
type (7) as a criteria presentation, and constitutes the above-mentioned thin film is within the limits of **5 
atom %, it is more desirable. 
[0089] 

20 <=k/a+k) <=40 (7) 

for example, the case where the criteria presentation of the film for super resolution read-out is 80 
(GeSb2Te4) (Cr4Te5) 20 ~ L of a formula (7) — GeSb2Te4 and H ~ Cr4Te5 it is ~ k/(j+k) is 20. It is here 
and, for Sb, Te is [ atomic % of each element / germanium of L / Te of Cr of H ] 11% 9% 46% 23% 11%, 
respectively. Then, for Sb, Te is [ the range of value**10 atom % decided by the formula (7) / germanium of 
L / Te of Cr of H ] 1 - 21% 0 to 19% 36 to 56% 13 to 33% 1 to 21%. 

[0090] (60) As for each of low-melt point point components and high-melting components, it is desirable that 
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'^a metal or metalloid element is included more than 50 atom %, and containing more than 65 atom % is more 

desirable. 

[0091] (61) The above-mentioned formula (8) and the presentation of (1 1) can be used also as phase change 
record film, and can be used also as phase change record film of the record medium which does not use a 
super resolution read-out thin film. When this record film is used, the big medium of a reflection factor 
difference can be produced by crystallization and amorphous-ization. 

[0092] As for the sum of the atomic number of a high-melting component, it is desirable that it is 1 0 - 50% of 
range at a rate to the sum of all the atomic numbers of the configuration element of the super resolution 
read-out film, and it is more desirable that it is 20 - 40% of range. 

[0093] (62) It is desirable that the element same in each component exists in the range below 80 atom % 
more than 30 atom % in the combination of a high-melting component and a phase change component. 
[0094] As for the melting point of a high-melting component, it is desirable that it is higher than the melting 
point of the phase change component which is a residual element after a deposit 150 degrees C or more. 
[0095] (63) The average presentation of a high-melting component can be used as the presentation near at 
least 1 person or this, or a compound with a melting point of 800 degrees C or more among the following A 
groups. Here, the presentation near this points out what has the enumerated gap from a presentation within 
the limits of **10 atom % (it is the same hereafter), for example, BaPd2 a case — each element — atomic % 
is [ Pd of Ba ] 67% 33%. then, presentation BaPd2 from — as for Ba, a gap is [ the range of Pd of **10 atom 
% ] 57 - 77% 23 to 43%. 

[0096] The <A groups> 2. NdPd3, NdPd5, Nd7Pt3, Nd3Pt2. NdPt, Nd3Pt4, NdPt2, NdPtS, Bi2Nd, BiNd, Bi3Nd4, 
Bi3Nd5, BiNd2, Cd2Nd, [ BaPd, BaPd /5 /, and NdPd ] CdNd, Mn2Nd, Mn23Nd6, Mn12Nd, Nd5Sb3. Nd4Sb3, 
NdSb. NdSb2, Fe2Nd, Fe17Nd2, Cs3germanium2, CsGe, CsGe4, Nd5Si3, Nd5Si4, NdSi, and Nd3Si4, Nd2 ~ Si3 
and Nd5 ~ Si9 and Cs2 ~ Te, NdTe3, Nd2Te5, NdTe2. Nd4Te7, Nd2Te3, Nd3Te4, NdTe. and Ce3 ~ Ir, 
Ce2Ir, Ce55Ir45, Celr2 and Celr3, Ce2Ir7, and Celr5 ~ CaPd, CaPd2, CaGe, and calcium2 ~ germanium, 
GeNa3, GeNa, CaSI2. calcium2Si, CaSi, Se2Sr, Se3Sr2, SeSr, GeSr2, GeSr, germanium2Sr, SnSr, Sn3Sr5, 
SnSr2, and Ce — 2 Tl Ge5TI3, CeTI3, Ge3TI5. CeTI, BaTl, Pd13TI9, and Pd2 ~ Tl and Pd3 ~ Tl and Mg2 ~ 
Si and Mg2 — germanium, BaPd2, BaPdS, Ce4Se7, Ce3Se4. Ce2Se3. CeSe. and Ce5germanium3 — 
Ce4germanium3, Ce5germanium4, CeGe, Ce3germanium5, Ce5Si3, Ce3Si2, Ce5Si4, CeSi, Ce3Si5, CeSi2 and 
CeTe3, Ce2Te5, CeTe2, Ce4Te7, Ce3Te4, CeTe, La3Se7, LaSe2, La4Se7, La2Se3, La3Se4, LaSe, GeLa3, 
germanium3La5, germanium3La4, germanium4La5, GeLa, germanium5La3, BaSe2, Ba2Se3, BaSe, PdSe, and 
Mo3Se4, MoSe2 and Ba2 ~ germanium, BaGe2, BaGe, Ba2Te3, BaTe, and germanium2 ~ Pd5, GePd2, 
germanium9Pd25, GePd, germanium3Pt, germanium3Pt2, GePt, germanium2Pt3, GePt2, GePt3, Pu3Sn, and 
Pu5Sn3 — Pu5Sn4. Pu8Sn7, Pu7Sn8, PuSn2, PuSn3, Pt5Te4, Pt4Te5, PtTe2, GeNi, germanium3nickel5, 
germanium2nickel5, GeNi3, NiTe 0.85, NiTeO.775, and nickel3**xTex, Cri 1germanium19, CrGe, 
Cril germaniums, Cr5germanium3, and Cr3 — germanium, CrSi2, Cr5Si3, Cr3Si, Cr5Te8, Cr4Te5, Cr3Te4, 
CrI-xTe, germanium3Mn5, GeMn2, Mn6Si, and Mn9Si2 ~ Mn3Si, Mn5Si2. Mn5Si3, MnSi. Mnl 1Si19, Mn2Sn, 
Mn3.25Sn, MnTe, Te2W, FeGe2, Fe5germanium3, FeSgermanium, Fe2Si, Fe5Si3, FeSi, FeSi2, germanium2Mo, 
germanium41 Mo23, germaniumi 6Mo9, germanium23Mo1 3, germanium3Mo5, GeMo3, Mo3Si, Mo5Si3, MoSi2, 
MoSn, MoSn2, and Mo3 ~ Te4, MoTe2, Si2Ti, SiTi, Si4Ti5, Si3Ti5, and SiTi3 ~ Sn5Ti6, Sn3Ti5, SnTi2, SnTi3, 
CoGe2, Co5germanium7, GoGe, Co5germanium3, Co4germanium, Co3Te4, germanium7Re3, Re5Si3, ReSi, 
ReSi2, Re2Te. 

[0097] (64) the average presentation of a high-melting component — moreover, the compound mentioned to 
said A group and the following B group and ** — it can consider as the presentation near at least 1 person 
or this, or a compound with a melting point of 600 degrees C or more inside. 

[0098] the <B group> Cs 3 — germanium and Ba2 — Tl, GePd3, Fe6germanium5, FeTe2, Co5germanium2, 
Nd3Pd, Cs3Te2, Ce4Ir, NaPd, calcium9Pd, calcium3Pd2, and calcium2 — germanium and Se3 — Sr and Ce3 - 
- Tl, CeSe2, and Ce — 3 germanium BaSeS, GeSe2, GeSe. BaTe2. GePd5, and germaniumS — Mnl 1, MnTe2, 
germanium3W2, FeGe, Fe4germanium3, Fe3Sn, Fe3Sn2, FeSn, and CoTe2. 

[0099] (65) the average presentation of a high-melting component — moreover, the compound mentioned to 
said B group and following C group and ** — it can consider as at least 1 person, the presentation near this, 
or a compound with a melting point of 400 degrees 0 or more inside. 

[0100] <C group> Ba4TI, CsTe. Ba4TI, Ba13TI, GdlINd, Cd6Nd, Cs5Te4, calcium3Pd. calcium5Pd2. Sn3Sr. 
Ba13TI, PdTI2 and FeSe2, FeSe, Cr2Te3, CrTe3, and FeSn2. 

[0101] (66) When using what was mentioned to said A group as a high-melting component, as for the average 
presentation of a phase change component, it is desirable that they are the presentation near at least 1 
person or this or a compound with a melting point of 650 degrees C or less among the presentations of 
following D group. 
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' [0102] <D group> Sn, Pb, Sb, Te, Zn, Cd, Se, In, Ga, S, Tl, Mg, TI2Se, TISe, TI2Se3, TI3Te2, TITe, InBi. In2Bi, 
TeBi, Tl-Se, Tl-Te. Pb-Sn. Bi-Sn, Se-Te. S-Se, Bi-Ga. Sn-Zn, Ga-Sn, Ga-In, and In3SeTe2. AgInTe2. 
GeSb4Te7, germanium2Sb2Te5. GeSb2Te4, GeBi4Te7. GeBi2Te4, germaniunn3Bi2Te6, Sn2Sb6Se11, 
Sn2Sb2Se5, SnSb2Te4, and Pb2Sb6 — Tel 1, CuAsSe2. CuSAsSeS, CuSbS2, CuSbSe2, InSe, Sb2Se3, 
Sb2Te3, Bi2Te3, SnSb, FeTe. and Fe2Te3 — FeTe2, ZnSb, Zn3Sb2. VTe2. V5Te8, Agln2. BiSe, InSb, In2Te. 
In2Te5, Ba4TI, CdlINd, Ba13TI, Cd6Nd, Ba2TI. 

[0103] (67) When using what was mentioned to said B group as a high-melting component, as for the average 
presentation of a phase change component, it is desirable that they are the presentation near at least 1 
person or this or a compound with a melting point of 450 degrees C or less among the presentations of 
following E group. 

[0104] <E group> Sn, Pb, Te, Zn, Cd, Se, In, Ga, S, Tl, and TI2Se, TISe, TI2Se3. TI3Te2. TITe, InBi. In2Bi. TeBi. 
Tl-Se, Tl-Te, Pb-Sn, Bi-Sn. Se-Te, S-Se, Bi-Ga. Sn-Zn, Ga-Sn, Ga-In, Ba4TI. 

[0105] (68) When using what was mentioned to said C group as a high-melting component, as for the average 
presentation of a phase change component, it is desirable that they are the presentation near at least 1 
person or this or a compound with a melting point of 250 degrees C or less among the presentations of 
following F group. 

[0106] <F group> Sn, Se, In, Ga, S. InBi, In2Bi, TeBi. Tl-Se, Tl-Te. Pb-Sn. Bi-Sn. Se-Te, S-Se, Bi-Ga, Sn-Zn, 
Ga-Sn, Ga-In. 

[0107] (69) As for a presentation or thickness of the thin film for super resolution read-out, differing in inner 
circumference and a periphery is desirable, and it is desirable to also crystallize the truck periphery of the 
thin film for super resolution read-out. The thin film for super resolution read-out by this invention is 
applicable to any information record medium of the RAM disk which can record the ROM disk and information 
that information was already recorded. 

[0108] (70) As for the whole film, it is desirable for presetting to be made the super resolution read-out 
power at which a high-melting component stops at solid phase without dissolving, or to have hand control or 
a means to set up automatically also in the field in which the equipment for super resolution read-out of an 
information record medium equipped with the thin film for super resolution read-out by this invention serves 
as a maximum temperature of the thin film for super resolution read-out. Moreover, it is desirable to have a 
means to detect turbulence of the reflected light intensity distribution at the time of super resolution read- 
out, and a means to adjust laser power according to the above-mentioned scale of turbulence. Moreover, it is 
desirable to have the means which enlarges laser power at the time of super resolution read-out more than 
twice as compared with power required for an automatic focus or tracking, and it is more desirable to have 
the means enlarged 3 or more times. Even if it uses this equipment for media other than this invention, a 
result better than the case of super resolution read-out laser power regularity is obtained. 
[0109] (71) It is desirable that a super resolution read-out laser beam considers as pulsed light, and the 
period T of a laser pulse, linear velocity v, the diameter of a spot (lambda/NA), and pulse width x fill following 
(9) and the relation of (10). 0.4 lambda/NA<=vT <=1 .5 lambda/NA (9) 
0.3 <=x/T<=0.5 (10) 

It is more desirable to fill following (12) and the relation of (10) furthermore. 
[0110] 

0.5 lambda/NA<=vT <=0.9 lambda/NA (12) 

(72) In the thin film for information record which records and reproduces information by atomic arrangement 
change which was formed through direct or a protective layer on the substrate, and which is produced in 
response to the exposure of a energy beam By repeating a laser beam and irradiating it with the informational 
record regenerative apparatus or the equipment for initial crystallization of a medium using the medium for 
information record which has the thin film concerned A high-melting component with the high melting point 
deposits more relatively than the residual element of the thin film concerned, and it has the description 
distributed in the field where the sludge consists of a residual element of the thin film concerned. 
[01 1 1] (73) Were formed through direct or a protective layer on the substrate. By repeating a laser beam and 
irradiating it in the informational record playback approach or the approach for initial crystallization of a 
medium using the medium for information record which has the thin film for information record which records 
and reproduces information, by atomic arrangement change produced in response to the exposure of a 
energy beam A high-melting component with the high melting point deposits more relatively than the residual 
element of the thin film concerned, and it has the description distributed in the field where the sludge 
consists of a residual element of the thin film concerned. 

[01 12] In the thin film for information record given in (74) and (1) to (6). by repeating a laser beam and 
irradiating it in the informational record regenerative apparatus or the equipment for initial crystallization of a 
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' medium using the medium for information record which has the thin film concerned A high-melting 
component with the high melting point deposits more relatively than the residual element of the thin film 
concerned, it is distributed in the field where the sludge consists of a residual element of the thin film 
concerned, and the sludge is characterized by including the element expressed with either [ said / at least ] 
B or X. 

[0113] (75) It is the manufacture approach of the medium for information record which records and 
reproduces information by atomic arrangement change which was formed through direct or a protective layer 
on the substrate, and which is produced in response to the exposure of a energy beam. The process which 
forms a protective layer, record film or the super resolution readout film, an interlayer, and a reflecting layer 
on a substrate, It is characterized by coming to have the process which a energy beam is irradiated 
[ process ], and generates or grows up a high-melting component into the process which sticks on this 
another substrate or another substrate which formed said each class similarly, and said medium into said thin 
film. 

[0114] (76) It is the manufacture approach of the medium for information record which records and 
reproduces information by atomic arrangement change which was formed through direct or a protective layer 
on the substrate, and which is produced in response to the exposure of a energy beam. The process which is 
made to put an ingredient with the presentation near the presentation of the ingredient of the process which 
forms a protective layer on a substrate, and a high-melting component, or a high-melting component, and 
forms island-shape seed crystal. While making the ingredient containing said high-melting component and said 
residual element put on said seed crystal and growing up said high-melting component on said seed crystal 
alternatively It is characterized by coming to have with the process into which said residual element is grown 
up so that between these seed crystal may be filled, the process which forms an interlayer and a reflecting 
layer, and the process which sticks on this another substrate or another substrate which formed said each 
class similarly. 

[0115] (77) The process which is the manufacture approach of the medium for information record which 
records or reproduces information, and forms a protective layer on a substrate by atomic arrangement 
change which was formed through direct or a protective layer on the substrate, and which is produced in 
response to the exposure of a energy beam. It is characterized by having the process which changes the 
content of a high-melting component in the direction of thickness, forming the film which consists of a phase 
change component and a high-melting component, the process which forms an interlayer and a reflecting 
layer, and the process which sticks on this another substrate or another substrate which formed said each 
class similarly. 

[0116] As said high-melting component, (78) For example LaTe3, LaTe2, La2Te3, La3Te4, LaTe, La2Te5, 
La4Te7, LaSTe, La2Sb, La3Sb2, LaSb, LaSb2, La3germanium, La5germanium3, La4germanium3, 
La5germanium4, LaGe, La3germanium5, Ag2Te, Cr3Te4, Cr5Te8, Cr2Te3, Cr4Te5, CrSb, Cr3germanium, 
Cr5germanium3, Cri IgermaniumS, CrGe, and Gri 1 ~ germaniumlQ, PtTe2, Pt4Te5, Pt5Te4, Pt4Sb, Pt3Sb2, 
PtSb, and Pt3 — germanium and Pt — 2 germanium Pt3germanium2, PtGe, and Pt2 — germaniumS, PtGe3, 
NiTe, NiTe 0.85, NiSb, nickel3germanium, nicket5germanium2, nickel5germanium3, NiGe, GoTe, CoTe2, 
Co3Te4, CoSb, GoSb2 and CoSb3, Go5germanium2, and Go5germanium3 — GoGe and Go5 — germanium7, 
CoGe2, Si2Te3, SiSb, SiGe, CeTe. Ge3Te4, Ge2Te3, Ce4Te7, CeTe2 and CeTe3, Ge2Sb, Ce5Sb3, Ce4Sb5. 
CeSb, CeSb2, Ge3germanium, and Ge5germanium3 — Ce4germanium3, Ce5germanium4, CeGe, 
Ce3germanium5, Ce5Si3, Ce3Si2, Ce5Si4, CeSi, and Ce3 — Si5, CeSi2, Cr3Si, Cr5Si3, CrSi, CrSi3 and CrSi2, 
Co3Si, CoSi, and GoSi2 and NiSi2 ~ NiSi, nickel3Si2, nickel2Si, nickel5Si2, nickel3Si, Pt5Si2, Pt2Si, PtSi, 
LaSi2, Ag3In, Ag2In, Bi2Ce, BiCe, and Bi3 ~ Ge4 and Bi3 ~ Ge5, BiGe2, Gdl ICe, Cd6Ce, and Gd58Ce13 ~ 
Cd3Ce, Gd2Ce, GdCe, Ce3In, Ge2In, Cel+xln, Ce3In5, Celn2 and Celn3, Ce2Pb, CePb, GePb3, Ge3Sn, 
Ce5Sn3, Ce5Sn4, CellSnIO, Ce3Sn5, Oe3Sn7, Ce2 — Sn5, CeSn3, CeZn, CeZn2 and CeZn3, Ce3Zn11, 
Ce13Zn58, and CeZnS and Ce3 — Zn22 and Ce2 — Zn17, CeZnII, Cd21Co5, CoGa. CoGa3, CoSn, Cr3Ga, 
CrGa, and Cr5Ga6 — GrGa4 and Cu9 — Ga4, Cu3Sn. Cu3Zn, Bi2La, BiLa, Bi3La4, Bi3La5, and BiLa2 and 
Cdl 1 — La and Cd17 ~ La2, Cd9La2, Gd2La, CdLa, GaSLa, Ga2La, GaLa, and Ga3 ~ La5 and GaLa3 ~ 
In3La. In2La, In5La3, InxLa, InLa, InLa2 and InLa3, La5Pb3, La4Pb3. LallPblO. La3Pb4, La5Pb4, LaPb2 and 
LaPb3, LaZn, LaZn2, LaZn4. LaZnS, La3Zn22, La2Zn17, LaZnII and LaZn13, NiBi, Ga3nickel2. GaNi. and Ga2 
— nickel3 and Ga3 — nickel5, GaNi3, nickel3Sn, nickel3Sn2. nickel3Sn4, NiZn. nickel5Zn21, PtBi, and PtBi2 
and PtBi3 ~ PtCd2, Pt2Cd9, Ga7Pt3, Ga2Pt, Ga3Pt2, GaPt, Ga3Pt5, GaPt2 and GaPt3, In7Pt3, In2Pt, 
In3Pt2, InPt, In5Pt6, In2Pt3, InPt2 and InPt3, Pt3Pb. PtPb, Pt2Pb3, Pt3Sn. PtSn, Pt2Sn3, PtSn2 and PtSn4, 
Pt3Zn, PtZn2 and AIS, aluminum2S3, BaS, BaC2 and CdS. Co4S3. Co9S8, CoS, CoO and Co 304, Co203, 
Cr203, Cr304, CrO, CrS, CrN. Cr2N, Cr23C6, Cr7C3, Cr3G2, Cu2S, Cu9S5, CuO, Cu20, In4S5, In3 S4, 
La2S3, La 203, Mo2C, MoC, Mn23C6, Mn4C, Mn7C3, NiO, SiS2, Si02, Si3N4, Cu2Te, CuTe. Cu3Sb. Mn2Sb, 
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MnTe, MnTe2, Mn5germanium3, Mn3.25germanium, Mn5germanium2, Mn3germanium2, germanium3W, Te2W, 
AlSb, aluminum2Te3, Fe2germanium, FeGe2 and FeSb2, Mo3Sb7, It ZnTe(s). Mo3 — Te4, MoTe2, PbTe, and 
GePd2 and germanium2 -- Pd5 and germanium9 — Pd25, GePd5. Pd3Sb, Pd5Sb3, PdSb, SnTe, 
Ti5germanium3, germanium31 VI 7, germanium8V1 1 , germanium3V5, GeV3, V5Te4, and V3Te4 — High-melting 
compounds, such as Ag2Se, Gu2Se, aluminum2Se3, InAs. CoSe. MnSIn, nickel3In, Niln, nickel2In3, nickel3In7, 
and PbSe, Or there is high-melting compounds of a preisentation near these, such mixture, or a 3 yuan or 
more compound near these mixed presentations. 

[01 17] the inside of these — LaSb, CrSb, CoSb, Cr3Te4, Cr2Te3, Cr4Te5, CoTe. and Go3 — especially at 
least one of Te4, LaTe3, Cu2Te, CuTe, Ou3Sb, MnTe, MnTe2, and Mn2Sb(s) is desirable. Since the reason 
has a refractive index close to a residual element, it is in that it is hard to generate a noise the melting point 

being high. 

[01 18] As for the content of the oxide contained in said high-melting component, a sulfide, a nitride, and 
carbide, it is desirable to carry out to under 40 atom % of all the configuration atomic numbers of said high- 
melting component, and it is desirable especially to carry out to under 10 atom %. It is because the difference 
of the complex index of refraction of components other than the high-melting component of the thin film 
concerned, i.e., a residual element, cannot be made small as these contents are more than 40 atom %s, or it is 
easy to produce the problem which oxygen etc. is spread [ problem ] and degrades record and reproducing 
characteristics in the residual element concerned. 

[0119] Since said thin film for information record performs informational record, playback, and elimination 
where the sludge of said high-melting component is distributed, it is desirable that it is a mixed presentation 
with said high-melting component and the component which carries out a phase change reversibly. Not only 
the phase change between crystallized state-amorphous states but the phase change between crystallized 
state-crystalline substance conditions is included with a "phase change" here. 

[01 20] Although the thing of arbitration can be used if it is an ingredient with a suitable phase change 
property besides a known phase change record ingredient as a component which carries out a phase change 
reversibly In the compound of a large number described above as an example of a high-melting component, 
the compound containing transition-metals elements, such as Cr, is desirable, and below 40 atom % of the 
total configuration atomic number of the thin film concerned of the content of the transition-metals element 
is desirable, and below its 34 atom % is more desirable. When this condition is fulfilled, there is an advantage 
that the effectiveness which makes small an interface reflection factor with the phase change component of 
the high-melting component which deposits, Te system, or Sb system becomes large. 
[0121] As for the value of the real part n1 of the refractive index of said high-melting component, and 
imaginary part k1 , it is desirable that it is [ of the value of the real part n2 in the crystallized state of the 
viewpoint which prevents light scattering in the interface of said high-melting component and phase change 
component to said phase change component, and imaginary part k2 ] less than **40%, respectively, and it is 
more desirable that it is less than **20%. 

[0122] It is desirable that 6% or less has the interface reflection factor as which the difference of k1 and k2 is 
less than **70%, and the difference of n1 and n2 is expressed in I[(n1+ik1)-(n2+ik2)]/[(n1+ik1)+(n2+ik2)] \2 
less than **10%. Moreover, it is more desirable that less than **10% and the difference of k1 and k2 is [ the 
difference of n1 and n2 ] less than **70%, and an interface reflection factor is 2% or less. It is desirable to 
fulfill these conditions, although thickness is thickened, regenerative-signal level is enlarged and light 
scattering in an interface is prevented. 

[0123] the case where the phase change component of the range where the refractive index (n, k) of a high- 
melting component is desirable is a germanium-Sb-Te system — 5.0<=n<=6.2 1.1<=k<=6.1 it is — the case 
where a phase change component is an In-Sb-Te system — 1.5<=n<=1.8 0.6<=k<=3.6 it is . 
[0124] When a high-melting component cannot distinguish the sludge of a high-melting component clearly in 
said thin film for information record, it understands as follows. That is, 80% or more, if any one of the 
presentations of residual elements other than said high-melting component (for example, phase change 
component) is removed from the average presentation of the thin film concerned, when becoming a 
presentation at the high-melting component of the remainder with which 90% or more fills the conditions of 
the melting point of this invention, the high-melting component of this invention shall deposit more preferably. 

[0125] Although the organic substance is sufficient as the "protective layer" used for protection of the thin 
film for information record and an inorganic substance is sufficient as it, its inorganic substance is more 
desirable in respect of thermal resistance. However, since a mechanical strength is increased, if the 
protective layer of the inorganic substance formed apart from the substrate is thickened, since it will be easy 
to produce crack initiation, a permeability fall, a sensibility fall, etc., while making this protective layer thin, it 
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» is desirable to stick a thick organic layer to a concerned thin film [ of this protective layer ] for information 
record and opposite side. The layer formed apart from the substrate is sufficient as this organic layer, and 
the substrate of the organic substance is sufficient as it. Deformation stops being able to happen easily due 
to this. 

[0126] The protective layer of the organic substance can be formed with fluororesins, such as acrylic resin, a 
polycarbonate, polyolefine, an epoxy resin, polyimide, a polyamide, polystyrene, polyethylene, polyethylene 
terephthalate, and Pori ethylene tetrafluoride (Teflon), etc. The ethylene-vinylacetate copolymer known as 
hot melt adhesive, a binder, etc. may be used. At least one of the resin of these may be formed with the 
ultraviolet-rays hardening resin used as a principal component. You may serve as a protective layer with the 
substrate of the organic substance. 

[0127] The protective layer of an inorganic substance can be formed with the inorganic substance which 
uses an oxide, fluoride, a nitride, a sulfide, a selenide, carbide, a boride, boron, carbon, or a metal as a 
principal component. You may serve as a protective layer with the substrate of the inorganic substance 
which uses glass, a quartz, sapphire, iron, titanium, or aluminum as a principal component. 
[0128] The oxide of at least one element chosen from the group which consists of Ce, La, Si, In, aluminum, 
germanium, Pb, Sn, Bi, Te, Ta, Sc, Y, Ti, Zr, V, Nb, Cr, and W as an example of the protective layer of an 
inorganic substance, The sulfide or selenide of at least one element chosen from the group which consists of 
Cd, Zn, Ga, In, Sb, germanium, Sn, and Pb, Nitrides, such as fluorides, such as Mg, Ce, and calcium, and Si, 
aluminum, Ta, B, It is what consists of boron or carbon. Or for example, a principal component Ce02, La 203, 
SiO, Si02 and In 203, aluminum203, GeO, Ge02, PbO, SnO, Sn02 and Bi 203, Te02, W02, W03 and Ta 205, 
Sc203, Y203, Ti02, Zr02, CdS and ZnS, CdSe, ZnSe, In2S3, In2Se3, Sb2S3, Sb2Se3, Ga2S3, Ga2Se3, MgF2, 
CeF3, CaF2 and GeS, GeSe, GeSe2, SnS and SnS2, SnSe, SnSe2 and PbS, PbSe, Bi2Se3, Bi2S3, TaN. Si3N4, 
Things with the presentation near one or it of AIN, AlSiN2, Si, TiB2, and B4 C, SiC, B, and C or those mixture 
exist. 

[0129] The thing of the presentation near [ in a sulfide ] ZnS or it has [ among these ] a desirable refractive 
index in suitable magnitude at the point that the film is stable. In a nitride, the thing of the presentation near 
[ in a point firm about the film being stable ] TaN, Si3N4, AlSiN2 or AIN (alumimium nitride), or it is desirable 
not much highly [ a surface reflection factor ]. In an oxide, the thing of the presentation near [ in the point 
that the film is stable ] Y203, Sc203, Ce02, Ti02, Zr02, SiO and Ta 205, In203, aluminum203, Sn02 or 
Si02, or them is desirable. Amorphous Si containing hydrogen is sufficient. 

[0130] If said protective layer is made the multilayer configuration of two-layer [ of an inorganic substance- 
inorganic substance or the inorganic substance-organic substance ], or three layers or more, a protective 
effect will increase further. 

[0131] Film formation is easy if mixture is used for said protective layer. For example, in 80 (ZnS) (Si02) 20 
layer with a thickness of 50-500nm, a protective effect, record / elimination property, and a rewriting 
property are good, and membranous formation is also easy. 

[0132] Said protective layer can also be formed with the composite material of the organic substance and an 
inorganic substance- again. 

[0133] Although you may form by electron beam evaporation, sputtering, etc. by presentation as it is, if it is 
made to make it react with at least one of oxygen, sulfur, and nitrogen after the protective layer of an 
inorganic substance forms the film with which reactive sputtering or a metal, semimetal, and the semi- 
conductor of at least 1 yuan become from the first, it will become easy to form membranes it. 
[0134] Generally, if light is irradiated at a thin film, interference will arise by the superposition of the reflected 
light from the front face of a thin film, and the reflected light from the rear face of a thin film. So, when 
reading a signal by change of the reflection factor of a thin film, by preparing the "reflecting layer" which 
approaches the thin film for record and reflects light, effectiveness of interference can be enlarged and a 
playback (read-out) signal can be enlarged by it. In addition, it is good also as an absorption layer which 
absorbs light. 

[0135] In order to enlarge effectiveness of interference more, it is desirable to prepare an "interlayer" 
between the thin film for record and a reflecting layer. An interlayer has the operation which the recess of 
the operation which prevents that counter diffusion happens between the thin film for record and a reflecting 
layer, and the heat to a reflecting layer is decreased, and raises record sensibility at the time of rewriting, 
disappears and prevents the remainder. 

[0136] If an interlayer's quality of the material is chosen suitably, a part of role [ at least ] of the thin film for 
information record can also be made to play. For example, if an interlayer is formed by the selenide, some [ at 
least ] elements of the thin film for record will be spread into an interlayer, it will react with the element in an 
interlayer. or some [ at least ] an interlayer's elements will be spread into the thin film for record, or a 
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reflecting layer, and it will come to play some roles of the thin film for record by it. 

[0137] An interlayer's thickness is 3nm or more and 400nm or less, and making it near and the value become 
the neighborhood or more than it 20% in the condition of another side at the minimal value moreover has the 
desirable reflection factor of the thin film for record near the wavelength of read-out light in either a record 
condition and an elimination condition. 

[01 38] If the ingredient with which thermal conductivity uses the high temperature conductivity ingredients 
(for example, Au etc.) of 2.0 or more W/cm-deg as a principal component is used as a reflecting layer, a 
thermal diffusivity becomes high, and even if it uses the thin film for record crystallized at high speed, when a 
high-power laser beam is irradiated, it will come to make it amorphous certainly. In this case, it is desirable 
that use an ingredient with high thermal conductivity (for example, aluminum2 03, AIN, Si3 ingredient of 
presentations near it, such as N4 and ZnS) also for an interlayer, or thermal conductivity, such as Si02, 
especially makes an interlayer thin using the ingredient of whenever [ middle ] (0.02 or more W/cm-deg, 0.1 
W/cm-deg or less). However, in order to raise record sensibility, it is desirable to form a reflecting layer with 
the ingredient of thermal conductivity lower than the aforementioned value. 

[0139] A reflecting layer may be arranged to the substrate side of the thin film for information record, and 
may arrange to the opposite side with the substrate of the thin film for information record. 
[0140] The interlayer of a reflecting layer is still more desirable if the protective layer (upper ******) which 
becomes from an usable inorganic substance at said protective layer is formed in an opposite side. In 3 
lamination which consists of these interlayers, a reflecting layer, and a protective layer, it becomes firmer 
than the protective layer of a monolayer as a whole. 

[0141] What is necessary is just to perform formation of said substrate, the thin film for record, a protective 

layer, the middle class, and a reflecting layer by selecting either suitably from approaches, such as vacuum 

deposition, vacuum evaporationo among gas, sputtering, ion beam vacuum evaporationo, ion plating, electron 

beam evaporation, Injection molding, casting, rotation spreading, and a plasma polymerization. 

[0142] As for all of said thin film for record, a protective layer, an interlayer, a reflecting layer, and the 

protective layer that adjoined the reflecting layer, forming by sputtering is most desirable. 

[0143] The aforementioned thin film for information record is good also as a gestalt distributed by vapor 

codeposition, ** sputtering, etc. in carbon or carbide, such as an oxide mentioned above as an usable 

ingredient in protective coats, fluoride, a nitride, and the organic substance. By doing so, a light absorption 

multiplier may be able to be adjusted and regenerative-signal reinforcement may be able to be enlarged. 

[0144] In this case, 40% or less has the desirable rate of the atomic number which oxygen, fluorine, nitrogen, 

and carbon have to the whole film in a thin film, and 20% or less of a mixed ratio is more desirable. 

[0145] Although the rate of crystallization falls and sensibility usually falls by performing such bipolar 

membrane-ization, sensibility improves in bipolar membrane-ization with the organic substance. 

[0146] Generally, when recording information by phase transition (phase change), it is desirable to crystallize 

the whole surface of record film beforehand, but a substrate cannot be made into an elevated temperature 

when the organic substance is used for the substrate. Then, it is necessary to make it crystallize by the 

other approach. 

[0147] There is combination of the UV irradiation by an exposure, a xenon lamp, a mercury lamp, etc. of a 
laser beam which converged as a desirable method of crystallizing in this case, for example so that the 
diameter of a spot might be set to 2 micrometers or less, heating and the exposure of flash lamp light, the 
exposure of the light by the big laser beam spot from high power gas laser or about [ output 1 W ] high power 
semiconductor laser, or heating and a laser beam exposure etc. 

[0148] When irradiating the laser beam which converged the diameter of a spot to 2 micrometers or less at 
the thin film for information record, the exposure of multiple times is needed in many cases. For this reason, 
a thin film will be irradiated repeatedly and a single laser beam takes long duration. In order to avoid this, it is 
good to divide the beam of gas laser into plurality, using a semiconductor laser array, and to make it irradiate 
coincidence at two or more places. Thereby, many laser beam exposures only by rotating a thin film one time 
are attained. 

[0149] Although each optical spot may be made to arrange in parallel on the same recording track, it may be 
made to arrange in parallel on two or the truck beyond it. It is still more desirable if it is made to irradiate 
between a truck top and a truck at coincidence. The laser beam power of each spot does not need to be the 
same. 

[0150] It is efficient when irradiating the single beam from gas laser or high power semiconductor laser, and 
the diameter of a spot (it is a major axis in said location if it is a diameter in the location optical 
reinforcement (will become one half in) if it is an optical circular spot, and the optical spot of an ellipse form) 
sets to 5 micrometers or more and 5mm or less. 
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' [0151] Crystallization is produced only on a recording track and it is good also as while it has been 
amorphous between trucks. Between recording tracks may be crystallized. 

[0152] For example, when the thin film which uses Sb, Te, germanium, and Cr as a principal component is 
formed by the rotation vacuum evaporationo from two or more evaporation sources, immediately after 
vacuum evaporationo, the atom of Sb, Te, germanium, and Cr has not joined together well in many cases. 
Moreover, also when this thin film is formed by sputtering, it will be extremely confused by atomic 
arrangement. So, in such a case, while irradiating on a recording track, heating the laser beam of high power 
density first and depositing a high-melting component, it is good to dissolve a thin film alternatively depending 
on the case. Then, the laser beam of power density low on said recording track is irradiated, and said thin film 
is crystallized. When it carries out like this, there is an advantage from which a reflection factor tends to 
become homogeneity over the truck perimeter. 

[0153] Although a high-melting component may not exist in the thin film for information record before 
irradiating energy beams, such as a laser beam, a high-melting component can be deposited or grown up into 
the thin film by the above crystallization processings. As the high-melting component which deposited or 
grew was mentioned above, it is mostly distributed independently granular or in the shape of a column in a 
thin film, or a high-melting component is continuously distributed in the shape of porosity. In the case of the 
former, a high-melting component is distributed in the residual element (usually phase change component) of 
the thin film concerned. In the case of the latter, a residual element is embedded into many holes of the 
sludge of a high-melting component. 

[01 54] By this 1 st manufacture approach, a high-melting component tends to grow toward that interior from 
the interface of the both sides of the thin film for information record. 

[0155] It is possible to record information by the laser beam which carried out the power modulation between 
the power level to crystalize and the power level changed into the condition near an amorphous substance 
(over-writing) regardless of the condition after crystallization of a thin film. 

[0156] the 1- of this invention — it is not necessary to necessarily use change between an amorphous state 
and a crystallized state for record, and the 6th thin film for information record is sufficient with a certain 
atomic arrangement change of [ the membranous formation of a form status change / hardly ], if change of 
optical property is made to cause. A flow and segregation of a thin film are certainly prevented by the sludge 
of said high-melting component. 

[0157] For example, change of the diameter of crystal grain and crystal form, change between a crystal and 
metastable states (pi, gamma, etc.), etc. are sufficient. Change of an amorphous state and a crystallized state 
is sufficient, and it is also good to intermingle the part of both the conditions instead of a perfect amorphous 
substance or a crystallized state, and for those ratios to change. 

[0158] Moreover, when the part of the atoms which constitute these layers moves by diffusion, a chemical 
reaction, etc. between the thin film for record, and at least 1 of a protective layer and interlayers, information 
may be recorded and information may be recorded by both migration of an atom and the phase change. 
[0159] The 1st information record medium of this invention is characterized by having said the 1st - the 6th 
one of thin films for information record as a recording layer. 

[0160] As for one [ at least ] interface of said thin film for information record, having stuck to said protective 
layer is desirable. By the protective layer, the increment in a noise resulting from deformation of the thin film 
at the time of information rewriting can be prevented. 

[0161] The 2nd information record medium of this invention is characterized by having either of said 1st and 

6th thin films for information record as a mask layer for super resolution read-out. 

[0162] 

[Function] the 1- of this invention — in the 4th thin film for information record, and the information record 
medium using it, since the element expressed with said B or X to Sb and Te is added, the sludge of the high- 
melting component which is not dissolved by the exposure of record / playback light, such as a laser beam, is 
generated inside. For this reason, even if residual elements other than a high-melting component dissolve by 
said light, a flow at the time of that flow and segregation being prevented effectively, consequently rewriting 
many times and a segregation are prevented effectively. Moreover, when the high-melting component which 
deposited is large to the thickness of the thickness of the thin film for information record, in order to press 
down deformation by the thermal expansion of the protective layer with which the above-mentioned thin film 
is in contact, or an interlayer and to maintain spacing of a protective layer and an interlayer, the flow 
prevention effectiveness of the above-mentioned thin film becomes higher. For this reason, a carrier-to- 
noise ratio (C/N) is stabilized, and many rewritings or read-out become possible from the former, keeping 
record and reproducing characteristics good. 

[0163] If the element further expressed with said A by the element expressed with Sb, Te, and said B or X 



file://E:¥JP-A-H07-223372.html 



2007/08/02 



JP-A-HP7-223372 24/57 ^— v 

lives together, an amorphous state will be held at stability and, nrioreover, crystallization at the time of record 
and elimination will come to be performed at high speed. Moreover, a crystallization rate is controlled the 
optimal and a carrier-to-noise ratio and an elimination ratio improve. 

[0164] In the 5th [ of this invention ], and 6th thin films for information record, and the information record 
medium using it, even if record / playback light, such as a laser beam, is irradiated, the sludge of the high- 
melting component contained inside is not dissolved. For this reason, even if residual elements other than a 
high-melting component dissolve by said light, that flow and segregation are prevented effectively. 
Consequently, many rewritings or read-out become possible from the former, keeping record and reproducing 
characteristics good. 

[0165] the 1st information record medium of this invention — said the 1- since it has the 6th thin film for 
information record, many rewritings or read-out become possible from the former, keeping record and 
reproducing characteristics good. 

[0166] the 2nd information record medium of this invention — said the 1- if an optical spot is irradiated by 
the mask layer which consists of either of the 6th thin film for information record, in the elevated- 
temperature section in an optical spot, residual elements other than said high-melting component will 
dissolve at least. Since the real part or Imaginary part (extinction coefficient) of a refractive index of the 
elevated-temperature section becomes smaller than that of the low-temperature section besides an optical 
spot, the mask of a part of field of the diameter of an optical spot is partially carried out by said mask layer, 
and the diameter of an optical spot came to have decreased. Consequently, a record mark smaller than the 
diameter of an optical spot can be read, namely, super resolution read-out becomes possible. 
[0167] the 3rd information record medium of this invention — said the 1- If an optical spot is irradiated by 
the reflecting layer which consists of either of the 6th thin film for information record, the real part or the 
extinction coefficient of a refractive index of the elevated-temperature section in the path of an optical spot 
will become smaller than that of the low-temperature section besides an optical spot. For this reason, 
sufficient contrast for reading of a record mark will not be given to the reflected light of the light irradiated 
by the elevated-temperature section of the reflecting layer concerned. Consequently, in order for the 
diameter of an optical spot to decrease, the record mark formed in the pitch smaller than the diameter of an 
optical spot can be read, namely, super resolution read-out becomes possible. 

[0168] Moreover, since the high-melting component with the high melting point deposits more relatively than 
a phase change component, a flow at the time of the super resolution read-out film dissolving by laser 
radiation at the time of super resolution read-out and a segregation are prevented effectively. For this 
reason, it becomes possible from the former to perform many super resolution read-out, maintaining a good 
super resolution read-out property. 

[0169] Since the element expressed with A in a formula dissolves the average presentation of the thin film 
for super resolution read-out at low temperature when expressed with said general formula (8), super 
resolution read-out becomes possible at low temperature, and optical disks other than the optical disk which 
recorded information in phase pits including a phase-change optical disk can also perform super resolution 
read-out. When the element expressed with said B to this lives together, the compound of said compound of 
D and E, the element of E, or the elements of E serves as a high-melting component, and it has the 
effectiveness of preventing a flow at the time of the super resolution read-out film dissolving, and a 
segregation. (12) C/N can be enlarged if Tl is made to live together as F in a formula. 

[0170] With the equipment for super resolution read-out of this invention, in order to enlarge laser power only 
at the time of super resolution read-out, degradation of the super resolution read-out film is prevented, and 
many super resolution read-out becomes possible. Moreover, when the period T of the laser at the time of 
super resolution read-out, linear velocity v, the diameter of a spot (lambda/NA), and pulse width x fill the 
above (9) and the relation of (10), the mask area size at the time of super resolution read-out can be kept 
suitable, and a super resolution read-out property can be improved. Even if it uses this equipment for media 
other than this invention, a result better than the case of super resolution read-out laser power regularity is 
obtained. 
[0171] 

[Example] Hereafter, an example explains this invention to a detail. 
[0172] [Example 1] 

(A configuration and process) Drawing 3 shows the cross-section structure of a disk-like information record 
medium where the thin film for information record of the 1st example of this invention was used. This medium 
was manufactured as follows. 

[01 73] First, the polycarbonate substrate 1 which has the tracking slot of a cross-section U typeface was 
formed in the front face by 1 .2mm in the diameter of 1 3cm, and thickness. Next, in order to form a thin film 
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^ one by one on this substrate 1 , the substrate 1 was placed into the magnetron sputtering system. This 
equipment can have two or more targets, and can form a cascade screen one by one. Moreover, it excels in 
the homogeneity of membranous thickness and repeatability which are formed. 

[0174] With the magnetron sputtering system, the protective layer 2 which consists of 80 (Si02) 20 film first 
(ZnS) on a substrate 1 was formed so that it might become about 1 25nm of thickness. Then, after forming in 
island shape Cr4Te5 film (not shown) which is a high-melting component to 3nm of average thickness on a 
protective layer 2, Sbl 6Te55germanium1 6Cr1 33, i.e., (germanium2Sb2Te5) (7(Cr4Te5) 3), the record film of a 
presentation, was formed to about 30nm of thickness on it. Under the present circumstances, the rotation 
coincidence spatter by Cr4Te5 target and germanium2Sb2Te5 target was used. The pitch of about 2-20nm 
and an island has [ the size of island-shape Cr4Te5 film ] desirable x (size) (1.5-10). 

[0175] It is not necessary to necessarily form Cr4Te5 film. In that case, the high-melting component which 
deposits in record film 3 is produced in the case of initial crystallization mentioned later. 
[01 76] Next, after forming the interlayer 4 who consists of 80 (ZnS) (Si02) 20 film to about 25nm thickness 
on record film 3, the reflecting layer 5 which consists of aluminum97Ti3 film within the sputtering system 
same on it was formed to 80nm of thickness. In this way, the 1st disk member was obtained. 
[0177] On the other hand, the 2nd disk member with the same configuration as the 1st disk member was 
completely obtained by the same approach. The laminating of the 2nd disk member was carried out to order 
with a diameter [ of 13cm ], and a thickness of 1.2mm on substrate 1'. Protective layer 2' which consists of 
80 (ZnS) (Si02) 20 film of about 125nm of thickness, Sb16Te55germanium16Cr13 of Cr4Te5 film (not shown) 
of 3nm of average thickness, and about 30nm of thickness — namely, (germanium2Sb2Te5) (7(Cr4Te5) 3), 
record film 3' — thickness — about — 25 — nm — 80 (ZnS) (Si02) — 20 — the film — becoming — an 
interlayer — four — ' — and — thickness — 80 — nm — aluminum — 97 — Ti — three — the film — 
becoming — a reflecting layer — five — ' — having — **** . 

[0178] Then, the disk-like information record medium which shows the reflecting layer 5 of said 1st and 2nd 
disk members and 5' to lamination and drawing 3 was obtained through the vinyl chloride-vinyl acetate 

system hot-melt-adhesive layer 6. 

[0179] By this medium, when the whole surface of a reflecting layer 5 and 5' was pasted up, a rewritable 
count was able to be made [ many ] compared with the case where the whole surface is not pasted up and 
adhesives were not attached to a reflecting layer 5 and the part corresponding to the record section of 5', 
record sensibility became high for a while rather than the case where adhesives are attached also to that 
part. 

[0180] (Initial crystallization) Initial crystallization was performed to the record film 3 of the medium which is 
the above, and was made and manufactured, and 3' as follows. In addition, since the same Is completely said 
of record film 3', in the following explanation, it considers as what only record film 3 is described for. 
[0181] The medium was rotated by 1800rpm, the laser beam power of semiconductor laser (wavelength of 
830nm) was maintained at the level (about ImW) on which record is not performed, and the numerical 
aperture in a recording head (NA) condensed with the lens of 0.55, and irradiated the laser beam through the 
substrate 1 at record film 3. The reflected light from record film 3 was detected, and while performing 
tracking so that the core of a laser beam spot might always be in agreement with the core of the tracking 
slot of a substrate 1, the recording head was driven, performing automatic-focusing doubling so that the 
focus of a laser beam may come on record film 3. 

[0182] First, the continuation laser beam (power 12mW, 13mW, and 14mW) was irradiated 500 times on the 
same recording track of record film 5, respectively for initial crystallization. Finally, the power 15mW 
continuation (DC) laser beam was irradiated 1000 times. The irradiation time (optical spot pass time) of each 
time is about O.lmicrosec. 

[0183] Then, the power 8mW continuation laser beam was irradiated 500 times. The irradiation time (optical 
spot pass time) of each time is about O.lmicrosec. What is necessary is for the range of the laser beam 
power at this time Just to be 5-9mW. 

[0184] The exposure with the lower power among said two kinds of laser beam exposures (8mW) may be 
omitted. 

[0185] Thus, if the laser beam from which power differs is irradiated, initial crystallization can fully be 
performed. 

[0186] It is still more desirable if it carries out using the thing which performed these laser beam exposures 
using the semiconductor laser array, or divided the light beam from gas laser into plurality, or the thing which 
made the spot configuration of the light beam from high power gas laser or semiconductor laser the ellipse 
long to radial [ of a medium ]. If it carries out like this, it will also become possible to complete initial 
crystallization only by carrying out a small number of rotation of the medium. 
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^ [0187] If these laser beam spot is not arranged on the same recording track, but a location little by little and 
it is arranged to it when using two or more laser beam spots, it will disappear [ which can initialize the large 
range by one exposure ], and effectiveness, like the remainder decreases will be acquired. [ radial / of a 
medium ] 

[0188] next, the 12mW continuation laser beam (high-power light of record) of a circular spot is irradiated 
once — every (irradiation time: about O.lmicrosec) — power IBmW pulsed laser light (high-power light for 
record) was irradiated, record film 5 was made amorphous, and the recording point was formed. Then, in order 
to irradiate a 8mW continuation laser beam (low power light for initial crystallization) and to crystallize the 
recording point, irradiating a 8mW continuation laser beam how many times investigated whether it was the 
need. 

[0189] Consequently, the count of said 8mW continuation laser beam exposure which crystallization takes 
fell, so that the count of an exposure increased [ the count of an exposure of a 1 2mW continuation laser 
beam ] to 5 times. That is, it turned out that it is easy to crystallize, so that the count of an exposure 
increases. This is guessed because much detailed crystals of Cr4Te5 which is a high-melting component 
deposited in record film 5 and the presentation of germanium2Sb2Te5 which the presentation of the 
remainder (part which carries out a phase change) can crystallize [ high-speed ] was approached by the 
exposure of a 12mW continuation laser beam. 

[0190] In addition, the melting point of Cr4Te5 is 1 252-degreeC, and the melting point of germanium2Sb2Te5 

is 630-degreeC. 

[0191] (Record and elimination) Next, performing tracking and automatic-focusing doubling like the above, it 
was made to change to the record section of the record film 3 which initial crystallization completed as 
mentioned above according to the information signal which should record the power of the laser beam for 
record between middle power level (8mW) and high power level (18mW), and information was recorded on it. 
When the part which should be recorded was passed, it was made to lower laser beam power to the low 
power level (ImW) of the laser beam for playback (read-out). The part near the amorphous substance or it 
which is formed in a record section of the laser beam for record serves as a recording point. 
[0192] Especially the power ratio of the high level of the laser beam for record and middle level has the 
desirable range of 1 :0.3 to 1 :0.8. Moreover, in addition to this, you may make it the power level of short-time 
every others. 

[0193] By such record approach, if direct and new information is recorded to the part on which information is 
already recorded, it will be rewritten by new information. That is, over-writing by the single circular light spot 
is possible. 

[0194] However, the continuation light of the power (for example, 9mW) near the middle power level (8mW) of 
the aforementioned laser beam for record which carried out the power modulation is irradiated by one 
rotation or two or more rotations of the beginning at the time of rewriting. The information currently recorded 
is once eliminated. By the following one rotation after that between the low power level (ImW) of the laser 
beam for playback (read-out), and the high power level (1 8mW) of the laser beam for record Or the laser 
beam which carried out the power modulation according to the information signal is irradiated, and you may 
make it record between the middle power level (8mW) of the laser beam for record, and high power level 
(18mW). Thus, if it is made to record after eliminating information, the information currently written before 
disappears, there will be little remainder and a high carrier-to-noise ratio (C/N) will be obtained. 
[0195] Thus, when carrying out a rewrite after elimination, when the high level (18mW) of said laser beam for 
record is set to 1, it is desirable [ the power level of a continuation laser beam irradiated first ] to set it as 
the range of 0.4-1.1. It is because good rewriting can be performed if it is this range. 
[0196] This approach is effective not only in the record film of this invention but other record film. 
[0197] It was possible to have repeated record and elimination 105 times or more with the information record 
medium of this example on the severe conditions which made power of a laser beam higher 1 5% than an 
optimum value. Moreover, C/N of the regenerative signal when recording a 2MHz signal was about 50dB, and 
was very good. 

[0198] With the record film 3 of this example, it is understood because a flow and segregation of the residual 
element (phase change part) of record film 3 are prevented by the high-melting component which deposited 
in record film 3 that a rewritable count can be made into 105 times or more. 

[0199] In addition, when the interlayer 4 of ZnS-Si02 and the reflecting layer 5 of aluminum-Ti which were 
formed on record film 3 were omitted, some increments in a noise took place by record and elimination of a 
count also with few [ a single figure ] said twists. 

[0200] In the record film 3 which consists of above 7(germanium2Sb2Te5) (Cr4Te5) 3 (Relation with the Te 
content y) The irradiation time of a laser beam required for elimination of the information which the Te 
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" content y is changed keeping tine reiative ratio of otiier elements constant, and is recorded, Change of the 
carrier-to-noise ratio (C/N) of the regenerative signal after rewriting laser beam power 105 times on the 
severe conditions made higher 1 5% than an optimum value was measured. Consequently, the following data 
were obtained. 
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This result shows that there is little property change by many rewritings of 1 05 times in the Te content y in 

the range of 25<=y<=75. 

[0202] (Relation with the presentation of elements other than Cr) Change of the bit error rate when placing 
for 1 000 hours into germanium65Te25Cr1 0, and Sb30Te60 the crystallization temperature of the non- 
recorded part at the time of changing a presentation on straight-line ** which set constant Cr content which 
connects Cri 0, and carrying out a temperature up with constant speed, and 80-degreeC and 95% of relative 
humidity of the triangular phase diagram of drawing 6 was measured. Consequently, the following data were 
obtained. 
[0203] 

Crystallization temperature Sb30Te60Cr10 120-degreeC Sb28Te58germanium4Cr10 150-degreeC 
Sb25Te55germanium10Cr10 160-degreeC Sb22Te51germanium1 7Cr10 170-degreeC 

Sb12Te38germanium40Cr10 190-degreeC Sb2Te28germanium60Cr1 0 220-degreeC Change of a bit error rate 
102 times as many Sb30Te60Cr as this Sb28Te58germanium4Cr1 0 Twice Sb25Te55germanium10Cr10 Twice 
Sb22Te51germanium17Cr10 2.5 times Sb12Te38germanium40Cr10 4 times Sb2Te23germanium60Cr10 5 
times, sufficiently high crystallization temperature is acquired and this result shows that change of a bit error 
rate is not so large under heat and high humidity, even if the presentation of those other than Cr changes. 
[0204] Change of the bit error rate when placing for 1000 hours into Sb45Te45Cr1 0, and germanium 1 8Te72 
the crystallization temperature at the time of changing a presentation on straight-line ** which set constant 
Cr content which connects CrIO, and carrying out a temperature up with constant speed, and 80-degreeC 
and 95% of relative humidity of the triangular phase diagram of drawing 6 was measured. Consequently, the 
following data were obtained. 
[0205] 

Crystallization temperature Sb2Te71germanium1 7Cr10 210-degreeC Sb4Te69germanium1 7Cr10 200- 
degreeC Sb8Te67germanium15Cr10 190-degreeC Sb23Te58germanium9Cr1 0 170-degreeC 
Sb30Te54germanium6Cr10 150-degreeC Sb38Te49germanium3Cr1 0 130-degreeC Sb41Te47germanium2Cr10 
110-degreeC Change of a bit error rate Sb2Te71germanium17Cr10 5 times Sb4Te69germanium1 7Cr10 3 
times Sb8Te67germanium1 5Cr1 0 Twice Sb23Te58germanium9Cr1 0 1.5 times Sb30Te54germanium6Cr1 0 1.5 
time Sb38Te49germanium3Cr10 1 time Sb41Te47germanium2Cr10 1 time, sufficiently high crystallization 
temperature is acquired and this result shows that change of a bit error rate is not so large under heat and 
high humidity, even if the presentation of those other than Cr changes. 

[0206] The ratio (p/x) of the content x of the contents p and Sb of germanium was changed, and the 
following result was obtained when change of the bit error rate when placing into the temperature C of 80 
degrees and 95% of relative humidity for 1000 hours was measured. 
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This result shows that especially change of a bit error rate is small, if the range of the ratio (p/x) of the 
content x of the contents p and Sb of germanium is 0.25 <=(p/x) <=1.0. 

[0208] When keeping the content x of the Sb pair Te pair germanium which is the remainder of Cr4Te5, and 
the ratio of y and p at x:y:p=2:5:2, changing the content of Cr4Te5 and C/N of the regenerative signal after 
rewriting the power of a laser beam 105 times on the severe conditions made higher 15% than an optimum 
value was measured, the following results were obtained about the content q of Cr. 
[0209] 

Regenerative-signal C/N after 105 times rewriting q= 0 42dB q= 3 46dB q= 4 48dB q= 10 50dB q= 20 50dB 
q= 34 When the content q of 48dBCr was changed, the "elimination ratio" of the regenerative signal after 
rewriting the power of a laser beam 105 times on the severe conditions made higher 15% than an optimum 
value changed as follows. 

[0210] An "elimination ratio" expresses the ratio of the signal before and behind overwrite when carrying out 
overwrite of another signal with which frequencies differ on the already recorded signal with dB here. 
[0211] 

a = 2 2 2 5 dB 

a==34 23dB 
a=40 20dB 
a = 5 0 1 7 dB 



This result shows that an elimination ratio falls as the content q of Cr increases. 

[0212] When keeping the content y of Te constant and changing the content x of Sb by the system which 
added above Cr 1 0%, C/N of the regenerative signal after rewriting the power of a laser beam 1 05 times on 
the severe conditions made higher 1 5% than an optimum value changed as follows. 
[0213] 

C/N of the regenerative signal after 105 times rewriting x= 38 48dB x= 30 50dB x= 15 50dB x= 8 50dB x= 4 
48dB x= 2 46dB x= 0 From this result, 45dB is understood that C/N of a regenerative signal with the content 
X of Sb good in 2% or more of range is obtained. 

[0214] as mentioned above, Sb16Te55germanium16Cr133 of this example, i.e., (germanium2Sb2Te5), the 
record film of 7(Cr4Te5) 3 Change of the bit error rate when placing into the temperature C of 80 degrees, 
and 95% of relative humidity for 1000 hours 2 double less or equal, C/N and the elimination ratios of a 
regenerative signal after rewriting the power of a laser beam 105 times on the severe conditions made higher 
15% than an optimum value were 50dB or more and 28dB or more, respectively, and 2x105 rewritings or more 
were possible, and it turned out that it has the extremely excellent property. 

[0215] (Other examples 1 of an alloying element) Even if it replaces with a part or all of Cr and adds at least 
one of Ag, Cu, Ba, Co, La, nickel, Pt, Si, Sr, and lanthanoidses, the property just like the above-mentioned 
case is acquired. For example, the following data were obtained when Cu was added (the addition of Cu: q). 
[0216] 
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This result shows that a rewritable count increases notably, when Cu is added. 

[0217] (Other examples 2 of an alloying element) It is desirable to add Tl (thallium) with the effectiveness 
which accelerates elimination and enlarges C/N in addition to Cr. In this case, since C/N becomes still larger 
than the case where only Cr is added and a rewritable count also becomes large, it is more desirable. 
However, the direction which makes the sum of the addition of Cr and Tl below 30 atom % disappears, and 
the remainder does not become large, but it is desirable. 0.5% or more, if the sum of the addition of Cr and Tl 
is below 20 atom %, it is still more desirable. 

[0218] For example, with germanium8.2Sb16.4Te64.4TI0.5Cr 10.5 record film, it is C/N. 50dB, rewritable count 
2x105 times was obtained. 

[0219] It replaces with a part or all of Tl, and the property which could add at least one of the halogens, and 
was alike is acquired. 

[0220] When it replaces with Tl and N (nitrogen) is added, a rewritable count improves further. However, if 
many [ too ], regenerative-signal level will fall. 

[0221] (Other examples 3 of an alloying element) In addition to this, Tl (thallium) is permuted by Se, and when 
below 10 atom % adds Se more than 1 atom %, keeping the relative ratio of other elements constant, there is 
effectiveness on an anti-oxidation disposition. 

[0222] (Other examples of a phase change component) Even if it replaces a part of germanium2Sb2Te5 which 
is the phase change component of this example by at least one of the presentations near GeSb2Te4, 
GeSb4Te7, In3SbTe2, In35Sb32Te33, In31Sb26Te43, and these and transposes some germanium to In, the 
property near this is acquired. 

[0223] (Other examples of a high-melting component) A compound is sufficient as the high-melting 
component which deposits, and an element simple substance and an alloy are sufficient as it. A part or all of 
Cr4Te5 that is the high-melting components of this example LaTe2, La2Te3, La3Te4, LaTe, and La2 — Te5 
and La4 — Te7, LaTe3, La3Te, La2Sb, La3Sb2, LaSb, LaSb2, La3germanium, La5germanium3, 
La4germanium3, La5germanium4, LaGe, and La3 — germaniumS and Ag — 2 Te It PtGe(s). CrSTeS, Cr2Te3, 
CrSb, Cr3germanium, Cr5germanium3, Cri IgermaniumS, CrGe, and Cri 1 — germanium19, PtTe2, Pt4Te5, 
Pt5Te4, Pt4Sb, Pt3Sb2, PtSb, Pt3germanium, Pt2germanium, and Pt3germanium2 — It NiGe(s). Pt2 — 
germanium3, PtGe3, NiTe, NiTe 0.85, NiSb, nickel3germanium, nickel5germanium2, and nickel5germanium3 — 
CoTe2, CoSb2, CoSb3, Co5germanium2, Co5germanium3, CoGe, and Co5 — germanium7, CoGe2, Si2Te3, 
SiSb, SiGe, CeTe, Ce3Te4, Ce2Te3, Ce4Te7, CeTe2 and CeTe3, Ce2Sb, and Ce5Sb3 ~ Ce4Sb5, CeSb, 
CeSb2, Ce3germanium, Ce5germanium3, Ce4germanium3, Ce5germanium4, CeGe, Ce3germanium5, Ce5Si3, 
Ce3Si2, Ce5Si4, CeSi, and Ce3 — Si5, CeSi2, Cr3Si, Cr5Si3, CrSi. and CrSi3 ~ CrSi2, Co3Si, CoSi, CoSi2 
and NiSi2, NiSi, nickel3Si2, nickel2Si, nickel5Si2, nickel3Si, Pt5Si2, Pt2Si, PtSi, LaSi2, AgSIn, Ag2In, Bi2Ce, 
BiCe, Bi3Ce4, Bi3Ce5, BiCe2, CdllCe, Cd6Ce, Cd58Ce13, Cd3Ce, Cd2Ce, CdCe, Ce3In, Ce2In, Cel+xin, 
Ce3In5, Celn2 and Celn3, Ce2Pb, CePb, CePb3, Ce3Sn, Ce5Sn3, Ce5Sn4, Cell ~ SnIO and Ce3 ~ Sn5 and 
Ce3 — Sn7 and Ce2 — Sn5, CeSn3, CeZn, CeZn2 and CeZn3, Ce3Zn11, Ce13Zn58, and CeZnS and Ce3 — 
Zn22 and Ce2 — Zn17, CeZnl 1, Cd21Co5, CoGa, and CoGa3 — CoSn, Cr3Ga, CrGa, and Cr5 — Ga6, CrGa4. 
Cu9Ga4, Cu3Sn, Cu3Zn, Bi2La, BiLa, and Bi3 ~ La4 and Bi3 ~ La5, BiLa2. Cd1 ILa, Cd17La2, Cd9La2, 
Cd2La, CdLa, and Ga — 6 La It LaZn(s). Ga2La, GaLa, and Ga3 — La5, GaLa3, In3La, In2La, In5La3, InxLa, 
InLa, and InLa2, InLaS and La5 ~ Pb3 and La4 ~ Pb3, LallPblO, La3Pb4, La5Pb4, and LaPb2 and LaPb3 ~ 
LaZn2, LaZn4, LaZn5, La3Zn22, La2Zn17, LaZnII and LaZn13. NiBi, Ga3nickel2, GaNi, and Ga2 ~ nickel3 and 
Ga3 — nickel5, GaNi3, nickel3Sn, nickel3Sn2, nickel3Sn4, NiZn, and nickel5Zn21 — PtBi, PtBi2, PtBi3 and 
PtCd2, Pt2Cd9, Ga7Pt3, Ga2Pt, Ga3Pt2. GaPt, and Ga3 ~ Pt5, GaPt2. GaPt3, In7Pt3, In2Pt, In3Pt2, InPt. 
and In5 ~ Pt6 and In2 ~ Pt3 and InPt2 ~ InPt3, Pt3Pb, PtPb, Pt2Pb3, Pt3Sn, PtSn, Pt2Sn3, PtSn2 and 
PtSn4, Pt3Zn. PtZn2 and AIS, aluminum2S3, BaS, BaC2 and CdS, Co4S3, Co9S8, CoS, CoO and Co 204, 
Co203. Cr 203, Cr304, CrO, CrS and CrN, Cr2N, Cr23C63, Cr7C3, Cr3C2. Cu2S, Cu9S5, CuO, Cu20. In4S5. 
In3 S4, La2S3, La 203, Mo2C, MoC, Mn23C6, Mn4C, Mn7C3, Among the oxides of the configuration element 
of NiO, SiS2, Si02, Si3N4, and the above-mentioned high-melting component, a high-melting thing, Cu2Te, 
CuTe, Cu3Sb, Mn2Sb, MnTe, MnTe2, Mn5germanium3, Mn3.25germanium, Mn5germanium, Mn3germanium2, 
germanium3W, Te2W, AlSb, aluminum2Te3, Fe2germanium, FeGe2 and FeSb2, Mo3Sb7, Mo3Te4, MoTe2, 
PbTe, and GePd2 and germanium2 — Pd5 and germaniumQ — Pd25, GePdS, Pd3Sb. Pd5Sb3, PdSb, SnTe, 
Ti5germanium3, germanium31 VI 7, germaniumSV1 1, germanium3V5, GeV3, V5Te4, V3Te4, ZnTe, and Ag — 2 
Se The high-melting compound containing the element of B groups, such as Cu2Se, a[uminum2Se3, InAs, 
CoSe, Mn3In, nickel31n, Niln, nickel2In3, nickel3In7, and PbSe, or the thing of the presentation near it. Or the 
same result is obtained even if it replaces by at least one of the 3 yuan or more compounds near these 
mixed presentations and mixed presentations. 

[0224] among these — LaSb. CrSb. CoSb, and Cr3 — especially at least one of Te4, LaTe3, Cr4Te5, Cr2Te3, 
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'Cr3Te4, CoTe, Co3Te4, Cu2Te, CuTe, Cu3Sb, MnTe, MnTe2, and Mn2Sb(s) is desirable. It is because 
record / elimination property is stabilized in initial crystallization of a small count. 

[0225] (Amount of the inclusion of a high-melting component) As for the content of the oxide contained in 
the sludge of a high-melting component, a sulfide, a nitride, and carbide. It Is desirable to carry out to under 
40 atom % of a high-melting component, and it is desirable especially to carry out to under 10 atom %. If there 
are many these contents, the difference of complex index of refraction with a phase change component 
cannot be made small, or it will be easy to produce the problem which oxygen etc. is spread [ problem ] and 
degrades record and a read-out property in a phase change component. 

[0226] With many aforementioned compounds described as an example of a high-melting component, when 
content v' of a transition-metals element differed, the interface reflection factor of record film 3 changed as 
follows. 
[0227] 

v' =2 5% 196 
v' =3 5% 296 
v' =5 096 6 96 

This result shows that an interface reflection factor increases, when content v' of a transition-metals 
element increases. 

[0228] (Content of the high-melting compound in the thin film for record) Content a of the high-melting 
compound contained in the thin film for record When it expresses with the rate (atomic %) to the sum of the 
atomic number of all the configuration elements of the high-melting component of the sum of the atomic 
number of the configuration element of the high-melting compound and the content a' is changed, a 
rewritable count. The elimination ratio after rewriting laser power 105 times on the severe conditions made 
high 15% changed as follows. Change of this C/N is based mainly on change of C level. 
[0229] 

A rewritable count a - Pentatomic % 4x104 times a -10 atom % 1x105 times a -20 atom % 1.5x105 times a -30 
atom % 2x105 times The elimination ratio after 105 times rewriting a -30 atom % 30dB a -40 atom % 30dB 
a'=50 atom %25dB a -60 atom % — when content a' of the high-melting compound contained in the thin film 
for record increased 23dB from this result, the rewritable count increased, but when it increased too much, it 
turned out that the elimination ratio after 105 times rewriting falls. Therefore, it turned out that the range of 
10 atom %<=a'<=50 atom % is desirable. 

[0230] (Complex index of refraction of a high-melting component) The real part n1 and imaginary part 
(extinction coefficient) k1 of complex index of refraction of a high-melting component When difference 
deltan=(|n1-n2| / n1) xlOO with those values n2 and k2 of the crystallization condition of a phase change 
component differ from deltak=(|k1-k2| / k1) xlOO, After rewriting the power of a laser beam 105 times on the 
severe conditions made higher 1 5% than an optimum value, C/N of a regenerative signal changed as follows. 
This change of C/N is based mainly on change of N level. 
[0231] 

C/N of the regenerative signal after 105 times rewriting deltak, deltan=10% 49dB deltak, deltan=20% 48dB 
deltak, deltan=30% 47dB deltak, deltan=40% 46dB deltak, deltan=50% From this result, 43dB of differences 
delta n and delta k of the real part of complex index of refraction and imaginary part (extinction coefficient) 
was understood that the smaller one is desirable. 

[0232] (The configuration and dimension of the sludge of a high-melting component) High-melting 
components, such as Cr4Te5 mentioned above, deposit inside record film 3 with a gestalt as shown in 
drawing 1 (a), (b), and (c). 

[0233] At drawing 1 (a), after the sludge of much granular high-melting component 3b has become 
independent, it is distributed in record film 3. Parts other than high-melting component 3b of record film 3, 
i.e., a residual element, are phase change component 3a. Even if lay length perpendicular to a film surface is 
almost the same as the film surface lay length of high-melting component 3b or it differs, the difference of 
these die length is small. Here, the thing with the sludge of high-melting component 3b touches one interface 
of record film 3, and the thing with others is in contact with neither of the interfaces. 

[0234] In high-melting component 3b, by the medium of drawing 3 , Cr4Te5 and phase change component 3a 
consist of germanium2Sb2Te5. 

[0235] In drawing 1 (b), the point of being distributed in record film 3 after the sludge of much high-melting 
component 3b has become independent is the same as the case of drawing 1 (a). However, it differs in that 
high-melting component 3b deposits in the shape of a column. That is, the lay length perpendicular to a film 
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surface is larger, and it consists column-like of film surface lay length of high-melting component 3b in the 
cross section perpendicular to a film surface. The thing with the sludge of high-melting component 3b is in 
contact with one interface of record film 3, and the thing with others is in contact with the interface of 
another side of record film 3. Here, what is in contact with both interfaces does not exist. 
[0236] At drawing 1 (c), the sludge of much high-melting component 3b is connected mutually, and is 
distributed in record film 3 in the condition of having become in one. That is, high-melting component 3b 
deposits in the shape of porosity, and phase change component 3a will be embedded into many stomata of 
the high-melting component 3b. Porous high-melting component 3b is in contact with the interface of both 
record film 3. Phase change component 3a is distributed in record film 3, where mutually-independent is 
carried out. This condition is equivalent to what replaced phase change component 3a and high-melting 
component 3b in the case of drawing 1 (a). 

[0237] Although either of the conditions of (a) - (c) of drawing 1 appears according to membrane formation 
conditions or initial crystallization conditions, even if it is in which condition, a flow and segregation of heating 
and phase change component 3a at the time of carrying out melting are prevented by high-melting 
component 3b in record film 3, consequently a rewritable count improves. 

[0238] this — invention — setting — high-melting — a component — three — b — a sludge — " — max — 
a dimension — d — ' — " — " — height — h — and — h — ' — " — " — a pitch — " — " — the maximum 
hole dimension — " — and — " — max — wall thickness — " — a definition shall be given as follows, 
respectively 

[0239] As shown in (a) of drawing 1 , and (b), when the sludge of high-melting component 3b is distributed 
independently, like drawing 2 (b), a cross section (henceforth the 1 st criteria cross section) parallel to the 
film surface of record film 3 in the location which only (one third of the distance) of the thickness T of record 
film 3 separated from one interface of record film 3 is considered, and the die length of the sludge of each 
high-melting component 3b in the cross section is measured. And maximum of the die length measured in the 
direction of arbitration is made into "maximum dimension d'." 

[0240] When "maximum dimension d' " specifically has a circular or circularly near configuration [ in / like 
drawing 2 (a) / the 1 st criteria cross section ], the diameter of a sludge is meant, when close to an ellipse 
form or an ellipse form, the major axis of a sludge is meant and, in the case of a polygon, the die length of the 
longest diagonal line of a sludge is meant. 

[0241] "Height h" considers a cross section (henceforth the 2nd criteria cross section) perpendicular to the 
film surface of record film 3, and measures lay length perpendicular to the film surface of the record film 3 of 
the sludge of each high-melting component 3b in the cross section. In this way, obtained die length is set to 
"height h" of the sludge of high-melting component 3b. 

[0242] As shown in drawing 4 (a), this "height h" is applied, when the sludge of granular high-melting 
component 3b is distributed, and when the sludge of column-like high-melting component 3b is distributed in 
contact with the interface of both record film 3 as shown in drawing 4 (b). 

[0243] Although "height h'" and "height h"" are the same views as the above "height h", when the sludge of 
column-like high-melting component 3b is distributed only in contact with the interface of one of the two of 
record film 3, and not touching an interface, only the points applied, respectively differ [ as shown in drawing 

4 (c), ].^ 

[0244] "Pitch i" means the two adjoining averages of the distance of the center to center of the sludge of 
high-melting component 3b in said 1st criteria cross section, as shown in drawing 2 (a). 

[0245] "Maximum hole dimension p"" is applied when porous high-melting component 3b deposits, as shown 
in drawing 1 (c), and it means the maximum of the magnitude of each hole of the sludge of high-melting 
component 3b in said 1st criteria cross section. 

[0246] a hole [ in / like drawing 5 / specifically / in this "maximum hole dimension p"" / the 1 st criteria 
cross section ] — when circular [ a configuration ] or circularly near, the diameter of a hole is meant, when 
close to an ellipse form or an ellipse form, the major axis of a hole is meant and, in the case of a polygon, the 
die length of the longest diagonal line of a hole is meant. 

[0247] Like "maximum hole dimension p"", "maximum wall thickness w" is applied, when porous high-melting 
component 3b deposits, and it means the maximum of the thickness of the wall between two holes with which 
the sludge of high-melting component 3b adjoins in said 1st criteria cross section like drawing 5 . 
[0248] (Relation with the dimension of the sludge of a high-melting component) When "maximum dimension 
d'" of the sludge of high-melting component 3b differed, C/N of the regenerative signal after rewriting a 
rewritable count and the power of a laser beam 105 times on the severe conditions made higher 15% than an 
optimum value changed as follows. This change of C/N is based mainly on change of N level. 
[0249] 



file://E:¥JP-A-H07-223372.html 



2007/08/02 



JP-A-HP7-223372 32/57 ^— v 

A rewritable count d'=50nm 2x105 times cl'=30nm 2x105 times d-IOnm 2x105 times d'= 5nm 1.5x105 times 
d- Inm 4x104 times C/N of the regenerative signal after 105 times rewriting d-80nm 46dB d'=50nm 47dB 
d'=20nm49dB d-15nm 49dB d'= 5nm 50dB was understood that the range of 5 nm<=d'<=50nm is more 
desirable than this result. 

[0250] When column-like high-melting component 3b deposited from the interface of the both sides of record 
film 3 and "height h" of a sludge differed like drawing 4 (b). the rewritable count changed as follows. 
[0251] 

h=30nm 2XlO'|ir 
h=20nm 1. SXlO'dT 

h= 1 0 nm 1 X 1 0^0 

h= Onm 4X10*jir 

It turned out that the range of 10 nm<=h is more desirable than this result. 

[0252] When column-like high-melting component 3b deposited from the interface of one side of record film 3 

and "height h'" of a sludge differed like drawing 4 (c), the rewritable count changed as follows. 

[0253] 

h' =2 0 nm 2 X 1 0*111 

h' =1 Onm 1.5X1 0"© 

h' = 5nm 1 X 1 0* HI 

h' = 1 nm 4X1 O^HI 

When column-like high-melting component 3b was not in contact with the interface of record film 3 and 

"height h"" of a sludge differed, the rewritable count changed as follows. 

[0254] 

h' ' =2 Onm 2X1 O^IhI 

h' ' =1 Onm 1.5X1 Q^IhI 

h' • = 5 nm 1X1 O^IsI 

h' ' = 1 nm 4X1 0*0 

This result showed 5nm<=hbeing' and that the range of h" was desirable. 

[0255] When "Pitches i" differed, C/N of the regenerative signal after rewriting a rewritable count and the 
power of a laser beam 105 times on the severe conditions made higher 15% than an optimum value changed 
as follows. Change of this C/N is based mainly on change of C level. 
[0256] 

A rewritable count i= 120nm 8x104 times i= 90nm 1.5x105 times i= 70nm 1.8x105 times i= 60nm 2x105 times 
i= 40nm 2x105 times i= 15nm 2x105 times C/nickel=70nm of the regenerative signal after 105 times rewriting 
50dB i= 40nm 50dB i= 30nm 49dB i= 20nm 46dB i= 15nm 45dB i= lOnm 44dB i= 5nm was understood that the 
range of 20 nm<=i<=90nm is more desirable than this result 40 dB. 

[0257] When high-melting component 3b was connected in the direction of a film surface, and deposited as 
the shape of porosity like drawing 1 (c) and "maximum hole dimension p"" of a sludge differed, the rewritable 
count changed as follows. 
[0258] 

p' ' =5 Onm 1. 5X1 O'IhI 

p' ' =6 Onm 1.5X1 O'IhI 

p' ' =8 0 nm IX 1 O^lel 

p' • =1 0 Onm 4X1 0*111 

It turned out that the range of p"<=80nm is more desirable than this result. 

[0259] When "maximum wall thickness w" of porous high-melting component 3b differed, C/N of the 
regenerative signal after rewriting laser beam power 105 times on the severe conditions made higher 15% 
than an optimum value changed as follows. Change of this C/N is based mainly on change of C level. 



file://E:¥JP-A-H07-223372.html 



2007/08/02 



JP-A-H07-223372 33/57 ^—i> 

* [0260] 

C/N of the regenerative signal after 105 times rewriting w= 5nm 50dB w= 15nnn 49dB w= 20nm 46ciB w= 
35nm 40dB was understood that the range of w<=20nm is more desirable than this result. 
[0261] (Relation with the melting point of a high-melting component) When the melting points (m. p.) of high- 
melting component 3b which deposits in record film 3 differed, that a rewritable count changes as follows has 
guessed by the computer simulation. 
[0262] 

m. p. =6 0 0* C 7X1 0'© 

m. p. =78 0* C 1. SXIO"® 
m. p. =9 3 0° C 2X1 O'iBi 



It turned out that the melting point of high-melting component 3b has the desirable range more than 780- 

degreeC, and the range more than 930-degreeC is more more desirable than this result. 

[0263] When the differences of the melting point of the residual element (phase change component 3a) after 

high-melting component 3b deposits, and the melting point of high-melting component 3b differed, it has also 

guessed by the computer simulation that a rewritable count changed as follows. 

[0264] 

Rewritable count The difference of m.p. = 0-degreeC 7x1 04 times The difference of m.p. = 1 50-degreeC 
1.5x105 times The difference of m.p. = 300-degreeC It turned out that the difference of the melting point has 
the desirable range more than 1 50-degreeC, and the range more than 300-degreeC is more more desirable 
than this result 2x105 times. 

[0265] (Relation with the difference of the crystallization temperature for a high-melting component and a 
phase change) The temperature up was carried out with the constant speed of 10-degree/m C, and the 
temperature from which generation of heat of crystallization begins was measured. When the difference s of 
the crystallization temperature of high-melting component 3b and low-melt point point component 3a which 
causes a phase change was searched for from the result, the rewritable count changed with temperature 
gradients s as follows. 
[0266] 

s= 5° C 4X1 O'lEl 

s = i 0' c 1x1 o^nr 

S = 3 0°C 1.5X1 O*© 

s=4 0° C 2X1 o^m 



It turned out that the difference of the melting point has the desirable range more than 1 0-degreeC, and the 
range more than 30-degreeC is more more desirable than this result. 

[0267] (Relation with the high-melting component made to cover at the time of membrane formation) When 
manufacturing the thin film for information record of this example, high-melting component Cr4Te5 was made 
to put at an early process, but when average thickness c' of that high-melting component Cr4Te5 was 
changed as follows, C/N of the regenerative signal after rewriting a rewritable count and the power of a laser 
beam 105 times on the severe conditions made higher 15% than an optimum value changed as follows. Change 
of this C/N is based mainly on change of C level. 
[0268] 

A rewritable count c'= Onm 5x104 times c'= Inm 1x105 times c- 5nm 2x105 times C/N of the regenerative 
signal after 105 times rewriting c- Inm 47dB c' — = 5nm 47dB c-IOnm 46dB c'= — 20nm was understood 
that the range of 1 nm<=c'<=10nm is more desirable than this result 40 dB. 

[0269] (in addition to this) Although the protective layer 2 and the interlayer 4 are formed by ZnS-Si02 in 
this example It replaces with ZnS-Si02. Oxides, such as a Si-N system ingredient, a Si-Q-N system 
ingredient, Si02, SiO, Ti02 and aluminum 203, Y203, CeO and La 203, In203, GeO. Ge02, PbO. SnO, Sn02 
and Bi 203, Te02, W02 and W03, Sc203, and Zr02, TaN, Nitrides, such as AIN, Si3N4, and an aluminum-Si- 
N system ingredient (for example, AISiN2), Sulfides, such as ZnS, Sb2S3, CdS, In2S3, Ga2S3, GeS, SnS2 and 
PbS, and Bi2S3, Selenides, such as SnSe2, Sb2Se3, CdSe, ZnSe, In2Se3, Ga2Se3. GeSe, GeSe2, SnSe, PbSe, 
and Bi2Se3. Fluorides, such as CeF3, MgF2, and CaF2. or Si, germanium and TiB2. 84 C, B. and C. or the 
thing of the presentation near the above-mentioned ingredient may be used. Moreover, the layers and these 
multiplex layers of these charges of an admixture are sufficient. 
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'[0270] the case where an interlayer 4 is omitted — record sensibility — about 30% — falling — also 
remaining unmelted — it increased about 5dB. The rewritable count also decreased. 

[0271] When an interlayer's 4 refractive index was in 1.7 or more and 2.3 or less range, C/N 50dB or more 
was obtained for thickness, respectively in the range of 3nm or more and 1 0Onm or less and 1 80nm or more, 
and 400nm or less. 

[0272] Instead of aluminum-Ti used for the reflecting layer 5 in this example, the element simple substance 
of Au, Ag, Cu, aluminum, nickel, Fe, Co, Cr, Ti, Pd, Ft, W, Ta, Mo, and Sb, Or the layer which consists of an 
alloy which makes these a principal component, or these comrades' alloy may be used, the multiplex layer 
which consists of those layers may be used, and the compound layer of these and other matter, such as an 
oxide, etc. may be used. 

[0273] In this example, directly, although the polycarbonate substrate 1 in which the irregularity of a tracking 
guide etc. was formed is used for the front face instead, the chemically strengthened glass in which 
polyolefine, epoxy, acrylic resin, and a UV-cured resin layer were formed on the front face etc. may be used 
for it. 

[0274] Even if the configuration of the simple laminated structure 3 which omitted a part of interlayer 4, 
reflecting layer 5, and protective layer 2, for example, the 2/record film of 1 /protective layers of substrates, 
the 3/interlayer 4 of 1 /record film of substrates, the 3/reflecting layer 5 of 1 /record film of substrates, etc. 
also rewrote many times compared with the conventional thing, the noise rise had it, and the good result was 
obtained. [ little ] 

[0275] As stated above, many rewritings of single or more figures are more possible for the thin film for 
information record of this example than before, keeping good record and playback / elimination property. 
Moreover, there is also an advantage that the power of the laser beam used for record and elimination may 
be low. 

[0276] [Example 2] In the record film 5 of the Sb-Te-germanium-Cr system of an example 1 , the thin film for 
information record was manufactured like the example 1 except Cri 2In35Sb1 2Te40 of the Sb-Te-In-Cr 
system equivalent to what all permuted germanium by In, i.e., (Cr4Te5), the point which formed record film 5 
by 2(In3SbTe2) 7. Moreover, it was presupposed that the record / playback approach of initial crystallization 
of the thin film concerned and the information on subsequent is the same as that of an example 1 . 
[0277] (Relation with the presentation of elements other than Cr) Cr content was set constant and change of 
the bit error rate when placing for 1000 hours into In65Te25Cr10, and Sb30Te60 the crystallization 
temperature of the non-recorded part at the time of carrying out a temperature up with constant speed, 
when other presentations were changed on the straight line which connects Cri 0, and 80-degreeC and 95% 
of relative humidity of a triangular phase diagram (not shown) was as follows. 
[0278] 

Crystallization temperature Sb30Te60Cr10 120-degreeC Sb22Te51In17Cr10 140-degreeC 
Sb18Te47In25Cr10 150-degreeC Sb10Te35In45Cr10 170-degreeC Sb7Te33In50Cr10 180-degreeC 
Sb2Te8In60Cr10 220-degreeC Change of a bit error rate Sb22Te51In1 7Cr10 2 twice Sbl 8Te47In25Cr10 
Twice Sb10Te35In45Cr10 Twice Sb7Te33In50Cr10 2.5 times Sb2Te8In60Cr10 4 times, from this result, even 
if the presentation of those other than Cr changes, sufficiently high crystallization temperature is acquired 
and many rewritings of 105 times also show that change of a bit error rate is not so large. 
[0279] Cr content was set constant and change of the bit error rate when placing for 1000 hours into 
Sb65Te25Cr1 0, and In47Te43 the crystallization temperature at the time of carrying out a temperature up 
with constant speed, when the presentation was changed on the straight line which connects CrIO, and 80- 
degreeC and 95% of relative humidity of the same triangular phase diagram was as follows. 
[0280] 

Crystallization temperature Sb2Te42In46Cr1 0 210-degreeC Sb4Te42In44Cr1 0 200-degreeC 
Sb8Te41In41Cr10 190-degreeC Sb15Te39In36Cr10 180-degreeC Sb30Te34In26Cr10 150-degreeC 
Sb38Te32In20Cr10 130-degreeC Sb41Te32In1 7Cr1 0 110-degreeC Change of a bit error rate 
Sb2Te42In46Cr10 5 times Sb4Te42In44Cr10 3 times Sb8Te41In41Cr10 Twice Sb15Te39In36Cr10 1.5 times 
Sb30Te34In26Cr10 1.5 times Sb38Te32In20Cr10 1 time Sb41Te32In1 7Cr10 1 time, from this result, even if 
the presentation of those other than Cr changes, sufficiently high crystallization temperature is acquired and 
many rewritings of 105 times also show that change of a bit error rate is not so large. 

[0281] When the ratio (p/x) of the content x of the contents p and Sb of In was changed, change of the bit 
error rate when placing into 80-degreeC and 95% of relative humidity for 1 000 hours was as follows. 
[0282] 

Change of a bit error rate (p/x) = [ 0.5 ] 3.0 times (p/x) = [ 1 .0 ] 2.0 times (p/x) = [ 2.0 ] 2.0 times (p/x) = 
[ 3.0 ] 2.0 times (p/x) = 4.0 3.0 times, this result shows that change of a bit error rate is small, if the range of 



file://E:¥JP-A-H07-223372.html 



2007/08/02 



JP-A-H.07-223372 35/57 v 

* the ratio (p/x) of the content x of the contents p and Sb of In is 1 .0 <=(p/x) <=3.0. 
[0283] In what [ what replaced Cr with Cu ], i.e., an In-Sb-Te-Cu system, also when changing the ratio (p/x) 
of the content x of the contents p and Sb of In similarly, the same result was obtained. 

[0284] (Other examples of a phase change component) A near property is acquired, even if it replaces a part 
of In3SbTe2 which is a phase change component by at least one of germanium2Sb2Te5, GeSb4Te7, 
GeSb2Te4, In35Sb32Te33, and In31Sb26Te43 and transposes a part of In to germanium. 
[0285] (Other examples of a high-melting component) A part of Cr4Te5 which is a high-melting component 
LaTe3. LaTe2. La2Te3. La3Te4. LaTe, La2</SUB>Te5. LaSb, and La4 ~ Te7 and La3 ~ Te and La2 ~ Sb 
and La3 — Sb2, LaSb2, LaSgermanium, LaSgermaniumS, La4germanium3, La5germanium4, LaGe, and 
La3germanium5 — Ag2Te, Cr5Te8, Cr2Te3, CrSb, Cr3germanium, Cr5germanium3, Gr1 IgermaniumS, CrGe, 
and Cr11 ~ germanium19. PtTe2, Pt4Te5, Pt5Te4, Pt4Sb, Pt3Sb2, PtSb, PtSgermanium, Pt2germanium, and 
Pt3germanium2 — It NiGe(s). PtGe and Pt2 — germanium3, PtGe3, NiTe, NiTe 0.85, NiSb. nickel3germanium, 
nickel5germanium2, and nickel5germanium3 — CoTe2, CoSb2, CoSbS, Co5germanium2, Co5germanium3, 
CoGe, and Co5 — germanium?, CoGe2, Si2Te3. SISb. SIGe, CeTe. Ce3Te4, Ce2Te3, Ce4Te7, CeTe2 and 
CeTe3, Oe2Sb. and Ce5Sb3 — Ce4Sb5, CeSb, CeSb2, Ce3germanium, Ce5germanium3, Oe4germanium3, 
Ce5germanium4, CeGe, Ce3germanium5, Ce5Si3, Ce3Si2, Ce5Si4, CeSi, and Ce3 — Si5, CeSi2. Cr3Si. Cr5Si3. 
CrSi, and CrSi3 ~ CrSi2, Co3Si, CoSi, CoSi2 and NiSi2, NiSi, nickel3Si2, nickel2Si, nickel5Si2, nickel3Si, 
Pt5Si2, Pt2Si. PtSi, LaSi2. Ag3In. Ag2In, Bi2Ce, BiCe. Bi3Ce4. Bi3Ce5, BiCe2, Cd11Ce. Cd6Ce. Cd58Ce13, 
Cd3Ce, Cd2Ce. CdOe, Ce3In, Ce2In, Cel+xin, Ce3In5, Celn2 and Celn3, Ce2Pb, CePb, CePb3, Ce3Sn, 
Ce5Sn3, Ce5Sn4, Cell — SnIO and Ce3 — Sn5 and Ce3 — Sn7 and Ce2 — Sn5. CeSn3, CeZn. GeZn2 and 
GeZn3, Ce3Zn11, Ge13Zn58, and CeZn5 and Ce3 ~ Zn22 and Ce2 ~ Zn17, CeZnII, Cd21Co5, CoGa, and 
CoGa3 — CoSn. Cr3Ga, GrGa, and Cr5 — Ga6. CrGa4, Cu9Ga4, Cu3Sn, Cu3Zn, Bi2La, BiLa, and Bi3 — La4 
and Bi3 ~ La5, BiLa2, CdllLa, Cd17La2. Cd9La2, Cd2La, CdLa, and Ga ~ 6 La It LaZn(s). Ga2La. GaLa, and 
Ga3 ~ La5, GaLa3, In3La, In2La, In5La3, InxLa, InLa, and InLa2, InLa3 and La5 ~ Pb3 and La4 — Pb3, 
La11Pb10. La3Pb4. La5Pb4, and LaPb2 and LaPb3 ~ LaZn2, LaZn4, LaZn5, La3Zn22. La2Zn17, LaZnII and 
LaZn13, NiBi, Ga3nickel2, GaNi, and Ga2 — nickel3 and Ga3 — nickel5. GaNi3, nickel3Sn, nickel3Sn2, 
nickel3Sn4, NiZn. and nickel5Zn21 ~ PtBi, PtBI2. PtBi3 and PtCd2, Pt2Cd9, Ga7Pt3, Ga2Pt, Ga3Pt2, GaPt. 
and Ga3 ~ Pt5, GaPt2, GaPt3. In7Pt3, In2Pt, In3Pt2. InPt. and In5 ~ Pt6 and In2 ~ Pt3 and InPt2 ~ InR3. 
Pt3Pb, PtPb, Pt2Pb3. Pt3Sn, PtSn, Pt2Sn3, PtSn2 and PtSn4, Pt3Zn, PtZn2 and AIS. aluminum2S3, BaS, 
BaC2 and CdS, Go4S3, Co9S8, CoS, CoO and Co 204, Co203, Cr 203. Cr304. CrO, CrS and CrN, Cr2N, 
Cr23C63. Cr7C3, Cr3C2, Cu2S, Cu9S5. CuO. Cu20. In4S5, In3 S4, La2S3, La 203, Mo2C. MoC, Mn23C6, 
Mn4C, Mn7C3, NiO, SiS2, Si02. Si3N4, Cu2Te, CuTe, CuSSb. Mn2Sb, MnTe, MnTe2, Mn5germanium3, 
Mn3.25germanium, Mn5germanium2, Mn3germanium2, germaniumSW, Te2W, AlSb, and aluminum2 — Te3 and 
Fe2 — germanium and FeGe2 ~ FeSb2 and Mo3 — Sb7 and Mo3 — Te4, MoTe2, PbTe, and GePd2 and 
germanium2 — Pd5 and germanium9 — Pd25, GePd5, Pd3Sb, Pd5Sb3, PdSb, SnTe, Ti5germanium3, 
germanium31 V1 7, germanium8V1 1, germanium3V5, GeV3, and V5Te4 — Among the oxides of the 
configuration element of V3Te4, ZnTe, Ag2Se, Cu2Se, aluminum2Se3, InAs, CoSe, Mn3In, nickel3In, Niln, 
nickel2In3, nickel3In7, PbSe, and the above-mentioned high-melting component, high-melting compounds, 
such as a high-melting thing, Or the same result is obtained even if it replaces by at least one of the 3 yuan 
or more compounds near the things or these mixed presentations, and a mixed presentation of the 
presentation near it. 

[0286] Especially at least one of LaSb. La2Te3, La3Te4, CrSb. CoSb, Cr3Te4, Cr2Te3, Cr3Te4, CoTe, 
Co3Te4, Cu2Te, CuTe, Cu3Sb, MnTe, MnTe2, Mn2Sb, and Cr4Te5 is [ among these ] desirable. It is because 
record / elimination property is stabilized in initial crystallization of a small count. 

[0287] Also in this example, a compound is sufficient as high-melting component 3b which deposits, and an 
element simple substance and an alloy are sufficient as it. 

[0288] (Amount of the inclusion of a high-melting component) Like an example 1 , as for the content of the 
oxide contained in the sludge of a high-melting component, a sulfide, a nitride, and carbide, it is desirable to 
carry out to under 40 atom % of a high-melting component, and it is desirable especially to carry out to under 
1 0 atom %. If there are many these contents, the difference of complex index of refraction with a phase 
change component cannot be made small, or it will be easy to produce the problem which oxygen etc. is 
spread [ problem ] and degrades record and reproducing characteristics in a phase change component. 
[0289] In addition, the matter which has not been described here Is the same as an example 1. 
[0290] [Example 3] In the record film 5 of the Sb-Te-germanlum-Cr system of an example 1 , the thin film for 
information record was manufactured like the example 1 except the point which formed record film 5 by 
Sb16Te39germaniuml5Co22Si8. 27 (germanium2Sb2Te5) 28 [ i.e., (Co3Si). ], which replaces with Cr and 
contains Co and Si as an element expressed with said general formula by B or X. Moreover, it was 
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' presupposed that the record / playback approach of initial crystallization of the thin film concerned and the 
information on subsequent is the same as that of an example 1. 

[0291] In this example, a high-melting component is CoSSi and a phase change component is 
germanium2Sb2Te5. 

[0292] When keeping the content x of the Sb pair Te pair germanium, and the ratio of y and p at x:y:p=2:5:2 

and changing the content a of CoSSi (it corresponds to a of an example 1), change of C/N of the 

regenerative signal after rewriting a rewritable count and the power of a laser beam 105 times on the severe 

conditions made higher 1 5% than an optimum value was the same as that of an example 1 . 

[0293] (Other examples of a phase change component) A near property is acquired even if it replaces a part 

or all of germanium2Sb2Te5 that is phase change components by at least one of GeSb4Te7, GeSb2Te4, 

In3SbTe2, In35Sb32Te33, and In31 Sb26Te43, and it transposes some or all of germanium to In. 

[0294] (Other examples of a high-melting component) a part or all of CoSSi that is high-melting components 

- Ce5Si3. Ce3Si2, Ce5Si4, CeSi, and Ce3 ~ Si5, CeSi2, Cr5Si3, CrSi, OrSiS and CrSi2, Cr3Si, CoSi, and 
CoSi2 and NiSi2 — NiSi, nickel3Si2, nickel2Si, nickel5Si2, nickelSSi, Pt5Si2, Pt2Si, PtSi, LaSi2, Bi2Ce, BiCe, 
Bi3Ce4, Bi3Ce5, and BiOe2 and Cdl 1 ~ Ce and Cd6 — Ce and Cd58 ~ Gel 3 and Cd3 ~ Ce and Cd — 2 
Ce CdCe, Ce2Pb, CePb, and CePb3 and Ce3 — Sn and Ce5 ~ Sn3 and Ce5 — Sn4 and Gel 1 ~ SnIO and 
Ge3 ~ Sn5 and Ge3 ~ Sn7 and Ge2 — Sn5, GeSnS. GeZn, and GeZn2, GeZn3 and Ge3 ~ Znl 1 and Gel 3 - 

- Zn58 and CeZnS ~ Ce3 — Zn22 and Ce2 — Znl 7, GeZnl 1, Cd21Go5, GoGa, GoGaS, GoSn, GrSGa, GrGa, 
and Gr5 ~ Ga6, GrGa4, Gu9Ga4, Gu3Sn, Gu3Zn, Bi2La, BiLa, and Bi3 ~ La4 and Bi3 ~ La5 and BiLa2 ~ It 
LaZn(s). Gdll ~ La and Gd17 ~ La2 and Gd9 ~ La2 and Gd2 ~ La, GdLa, Ga6La, Ga2La, GaLa, Ga3La5, 
and GaLa3 and La5 — Pb3 and La4 ~ Pb3, LallPblO, La3Pb4, La5Pb4, and LaPb2 and LaPb3 ~ LaZn2, 
LaZn4, LaZn5, La3Zn22, La2Zn17, LaZnII and LaZn13, NiBi, Ga3nickel2, GaNi, and Ga2 ~ nickel3 and Ga3 - 

- nickels, GaNi3, nickel3Sn, nickel3Sn2, nickel3Sn4. NiZn, and nickel5Zn21 — PtBi, and PtBi2, PtBiS, PtGd2 
and Pt2 ~ Gd9 and Ga7 ~ Pt3 and Ga2 ~ Pt and Ga3 — Pt2, GaPt, Ga3Pt5, GaPt2 and GaPt3, Pt3Pb, 
PtPb, Pt2Pb3, Pt3Sn, PtSn, and Pt2 — Sn3 and PtSn2 ~ PtSn4 and Pt3 ~ the same result is obtained 
even if it replaces the element expressed with said B, such as Zn and PtZn2, by at least one of the 3 yuan or 
more compounds near the things or these mixed presentations, and a mixed presentation of the presentation 
near the high-melting compound included two or more or it. 

[0295] About the matter which has not been described here, it is the same as that of an example 1 . 
[0296] [Example 4] 

(A configuration and process) Drawing 3 shows the cross-section structure of a disk-like information record 
medium where the thin film for information record of the 1st example of this invention was used. This medium 
was manufactured as follows. 

[0297] First, the polycarbonate substrate 1 which has the tracking slot of a cross-section U typeface was 
formed in the front face by 1.2mm in the diameter of 13cm, and thickness. Next, in order to form a thin film 
one by one on this substrate 1 , the substrate 1 was placed into the magnetron sputtering system. This 
equipment can have two or more targets, and can form a cascade screen one by one. Moreover, it excels in 
the homogeneity of thickness and repeatability which are formed. 

[0298] With the magnetron sputtering system, the protective layer 2 which consists of 80% (Si02) and 20%, 
i.e., (Zn40S40Si 7013), the film, first (ZnS) on a substrate 1 was formed so that it might become about 130nm 
of thickness. Then, after forming in island shape Gr4Te5 film (not shown) which is a high-melting component 
to 3nm of average thickness on a protective layer 2, Cr9germanium7Sb27Te573, i.e., (GeSb4Te7) (8(Gr4Te5) 
2), the record film of a presentation, was formed to about 22nm of thickness on it. Under the present 
circumstances, the rotation coincidence spatter by Gr4Te5 target and GeSb4Te7 target was used. 
[0299] It is not necessary to necessarily form Gr4Te5 film. However, record membrane flow a little becomes 
easy to happen in that case. When not forming Gr4Te5 film, the high-melting component which deposits in 
record film 3 is produced in the case of initialization mentioned later. 

[0300] Next, after forming the interlayer 4 who consists of 80 (ZnS) (Si02) 20 film to about 40nm thickness 
on record film 3, the reflecting layer 5 which consists of aluminum97Ti3 film within the sputtering system 
same on it was formed to 200nm of thickness. In this way, the 1st disk member was obtained. 
[0301] On the other hand, the 2nd disk member with the same configuration as the 1st disk member was 
completely obtained by the same approach. The laminating of the 2nd disk member was carried out to order 
with a diameter [ of 13cm ], and a thickness of 1.2mm on substrate 1'. Protective layer 2' which consists of 
80 (ZnS) (Si02) 20 film of about 130nm of thickness, Cr4Te5 film (not shown) of 3nm of average thickness, 
and Gr9germanium7Sb27Te57 of about 22nm of thickness — namely, (GeSb4Te7) (8(Cr4Te5) 2), record film 
3' — thickness — about — 40 — nm — 80 (ZnS) (Si02) — 20 — the film — becoming — an interlayer — 
four — ' — and — thickness — 200 ^- nm — aluminum — 97 — Ti — three — the film — becoming — a 
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'reflecting layer — five — ' — having — **** . 

[0302] Then, the disk-like information record medium which shows the reflecting layer 5 of said 1st and 2nd 

disk members and 5' to lamination and drawing 3 was obtained through the adhesives layer 6. 

[0303] By this medium, when the whole surface of a reflecting layer 5 and 5' was pasted up, a rewritable 

count was able to be made [ many ] compared with the case where the whole surface is not pasted up and 

adhesives were not attached to a reflecting layer 5 and the part corresponding to the record section of 5', 

record sensibility became high for a while rather than the case where adhesives. are attached also to that 

part. 

[0304] (Initialization) It initialized as follows to the record film 3 of the medium which is the above, and was 
made and manufactured, and 3'. In addition, since the same is completely said of record film 3', in the 
following explanation, it considers as what only record film 3 is described for. 

[0305] The medium was rotated by ISOOrpm, the laser beam power of semiconductor laser (wavelength of 
830nm) was maintained at the level (about 1 mW) on which record is not performed, and the numerical 
aperture in a recording head (NA) condensed with the lens of 0.55, and irradiated the laser beam through the 
substrate 1 at record film 3. The reflected light from record film 3 was detected, and while performing 
tracking so that the core of a laser beam spot might always be in agreement in the middle of the core of the 
tracking slot of a substrate 1 or a slot, and a slot, the recording head was driven, performing automatic- 
focusing doubling so that the focus of a laser beam may come on record film 3. 

[0306] First, the power 15mW continuation (DC) laser beam was irradiated 200 times on the same recording 
track of record film 5 for initialization. The irradiation time (optical spot pass time) of each time is about 
O.lmicrosec. 

[0307] Then, the power 7mW continuation laser beam was irradiated 5 times. The irradiation time (optical 
spot pass time) of each time is about O.lmicrosec. What is necessary is for the range of the laser beam 
power at this time just to be 5-9mW. 

[0308] It is better for an elimination property to irradiate, although the exposure with the lower power among 
said two kinds of laser beam exposures (7mW) may be omitted. 

[0309] Thus, if the laser beam from which power differs is irradiated, it can fully initialize. 
[0310] It is still more desirable if it carries out using the thing which performed these laser beam exposures 
using the semiconductor laser array, or divided the light beam from gas laser into plurality, or the thing which 
made the spot configuration of the light beam from high power gas laser or semiconductor laser the ellipse 
long to radial [ of a medium ]. If it carries out like this, it will also become possible to complete initial 
crystallization only by carrying out a small number of rotation of the medium. 

[031 1] If these laser beam spot is not arranged on the same recording track, but a location little by little and 
it is arranged to it when using two or more laser beam spots, it will disappear [ which can initialize the large 
range by one exposure ], and effectiveness, like the remainder decreases will be acquired. [ radial / of a 
medium ] 

[0312] next, the 12mW continuation laser beam (high-power light for initialization) of a circular spot is 
irradiated once — every (irradiation time: about O.lmicrosec) — power 15mW pulsed laser light (high-power 
light for record) was irradiated, record film 5 was made amorphous, and the recording point was formed. Then, 
in order to irradiate a 7mW continuation laser beam (low power light for elimination) and to crystallize the 
recording point, irradiating a 7mW continuation laser beam how many times investigated whether it was the 
need. 

[0313] By the disk of this example, the count of said 7mW continuation laser beam exposure which 
crystallization takes fell, so that the count of an exposure increased [ the count of an exposure of a 12mW 
continuation laser beam ] to 100 times. That is, it turned out that it is easy to crystallize, so that the count 
of an exposure increases. This is guessed because much detailed crystals of Cr4Te5 which is a high-melting 
component deposited in record film 5 and the presentation of GeSb4Te7 which the presentation of the 
remainder (part which carries out a phase change) can crystallize [ high-speed ] was approached by the 
exposure of a 12mW continuation laser beam. 

[0314] The signal A corresponding to the repeat of the record mark of 2T, and the tooth space between BT 
on the other hand while shifting a location at random in 16T (IT are 45ns) in the beginning [ signal writing ] 
on a recording track supposing the signal of a mark edge recording method Since mark formation frequency 
changes a lot suddenly in the change part of Signal A and Signal B when the signal B corresponding to the 
repeat of the record mark of 8T and the tooth space between 2T records the signal repeated by turns If 
record film flows, since the record film ingredient which has flowed is stopped and it deposits, or a record film 
ingredient will flow out without the inflow from back and thickness will become thin, regenerative-signal 
waveform distortion arises. When the element in record film segregates, similarly, the element carries out an 
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opposite product, or runs short. If a flow and a segregation happen to some extent, according to the 
inclination of thickness or concentration, a reverse flow and a reverse segregation will also become easy to 
happen, and they will require a brake. Therefore, if a power (15mW) continuation light somewhat high width is 
repeated and is irradiated from the record section before use of a disk, change in the above record sections 
can be prevented to some extent. Therefore, magnitude of the waveform distortion by many times rewriting 
of the above-mentioned signal was made into the index for every disk, and it asked for the count of the 
repeat exposure need of the above-mentioned continuation light. As mentioned above, the larger one which 
are the count of the need of an exposure for a crystallization rate to become sufficiently large and the count 
of the need of an exposure for waveform distortion to become small is the count of the initialization need of 
the disk. The count of the need for a crystallization rate to become sufficiently large by the disk of this 
example was larger, and 100 times was a count of a need initialization exposure. 

[0315] In addition, the melting point of Cr4Te5 is 1 252-degreeC, and the melting point of GeSb4Te7 is 605- 
degreeC. 

[0316] (Near [ related 1:-GeSb4Te7 ] the germanium content a) The presentation was changed on straight- 
line ** which set constant Cr content which connects germanium65Te25Cr10 of the triangular phase diagram 
of drawing 1 0 , and Sb30Te60Crl 0, and the crystallization temperature of the non-recorded part at the time 
of carrying out a temperature up with constant speed and the count of laser radiation for initialization were 
measured. Consequently, the following data were obtained. 
[0317] 

A presentation Crystallization temperature Count of laser radiation Sb30Te60Cr10 120-degreeC 200 or less 
times germanium2Sb29Te59Cr10 130-degreeC 200 or less times germanium4Sb28Te58Cr10 150-degreeC 
200 or less times germanium 10Sb25Te55Cr10 160-degreeC 200 or less times germanium 1 5Sb23Te52Cr10 
170-degreeC 500 times germanium17Sb22Te51Cr10 170-degreeC 2000 times germanium25Sb18Te47Cr10 
180-degreeC By 5000 times, in the range of 0.02<=a<=0.1 9, suitable crystallization temperature is acquired 
and the count of laser radiation for initialization can be reduced from this result. 

[0318] (Near [ related 1:-GeSb4Te7 ] the Sb content b) The presentation was changed on straight-line ** 
which set constant Cr content which connects Sb45Te45Cr10 of the triangular phase diagram of drawing 1 0 , 
and germanium18Te72Cr10, and the crystallization temperature at the time of carrying out a temperature up 
with constant speed and the count of laser radiation for initialization were measured. Consequently, the 
following data were obtained. 
[0319] 

A presentation Crystallization temperature Count of laser radiation germaniumi 7Sb2Te71Cr10 210-degreeC 
5000 times germaniumi 7Sb4Te69Cr10 200-degreeC 1000 times germaniumi 4Sb10Te66Cr10 180-degreeC 
500 times germanium 10Sb20Te60Cr 10 170-degreeC 200 or less times germanium7Sb26Te57Cr10 160- 
degreeC 200 or less times germanium5Sb33Te52Cr10 150-degreeC 200 or less times 

germanium3Sb36Te51Cr10 200 or less 140-degreeC germanium2Sb40Te48Cr10 From this result, it sets in 
the range of 0.04<=b<=0.4 200 or less 1 20-degreeC. Suitable crystallization temperature is acquired and the 
number of laser radiation ** times for initialization can be reduced. 

[0320] A presentation is changed on straight-line ** which set constant Cr content which connects 
Sb15Te75Cr10 of the triangular phase diagram of drawing 10 , and germanium30Sb60Cr10. (Near [ related 1:- 
GeSb4Te7 ] the Te content c) The irradiation time of a laser beam required for elimination of the information 
currently recorded and change of the carrier-to-noise ratio (C/N) of the regenerative signal after rewriting 
laser beam power 1 05 times on the severe conditions made higher 1 5% than an optimum value were 
measured. Consequently, the following data were obtained. 
[0321] 

After rewriting 105 times A presentation Laser beam irradiation time C/N of a regenerative signal 
germaniumi 4Sb36Te40Cr10 0.5microsec 44dB germaniumi 2Sb33Te45Cr10 0.2microsec 48dB 
germaniumi 1Sb31Te48Cr10 O.lmicrosec 50dB germanium8Sb27Te55Cr10 O.lmicrosec 50dB 
germanium5Sb22Te63Cr10 0.5microsec 50dB germanium3Sb19.5Te67.5Cr10 I.Omicrosec 50dB 
Sb15Te75Cr10 3.0microsec From this result, 50dB is set in the range of 0.5<=c<=0.75. Irradiation time of a 
laser beam required for elimination can be lessened, and the carriei — to-noise ratio (C/N) of the regenerative 
signal after rewriting 1 05 times on the severe conditions which made laser beam power higher 1 5% than an 
optimum value can improve. 

[0322] When keeping the ratio of the contents a, b, and c of the germanium pair Sb pair Te which are the 
remainders of Cr4Te5 at a:b:c=1:4:7 and changing the content of Cr4Te5, (Near [ related 1:-GeSb4Te7 ] the 
Cr content d) When C/N of the regenerative signal after rewriting the power of a laser beam 1 05 times on 
the severe conditions made higher 1 5% than an optimum value was measured, the following results were 
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obtained about the content d of Cr. 

[0323] 

Regenerative-signal C/N after 1 05 times rewriting d= 0 42dB d= 3 48dB d= 1 0 50dB d= 20 50dB d= 34 When 

the content d of 48dBCr was changed, the "elimination ratio" of the regenerative signal when the over-write 

[ a signal ] after 1-time record once changed as follows, having used the count of initialization as 200 times 

on the severe conditions which made power of a laser beam higher 15% than an optimum value. 

[0324] An "elimination ratio" expresses the ratio of the signal before and behind overwrite when carrying out 

overwrite of another signal with which frequencies differ on the already recorded signal with dB here. 

[0325] 

The over-write [ a signal ] after 1 -time record once The elimination ratio of the regenerative signal when 
carrying out d= 10 28dB d= 20 25dB d= 30 25dB d= 40 From this result, 20dB is understood that an 
elimination ratio falls as the content d of Cr increases. 

[0326] From this result, in the range of 0.03<=d<=0.3, irradiation time of a laser beam required for elimination 
can be lessened, and the carrier-to-noise ratio (C/N) of the regenerative signal after rewriting 1 05 times on 
the severe conditions which made laser beam power higher 15% than an optimum value can improve. 
[0327] When the high-melting component H of an element simple substance, the low-melt point point 
component L of a compound presentation and an element simple substance, or a compound presentation 
expressed the average presentation of the thin film for record by the formula of LjHk and the content k was 
changed, C/N of the regenerative signal after rewrite crystallization temperature and laser power 1 05 times 
on the severe conditions made high 1 5% changed as follows. 
[0328] 

After rewriting 1 05 times Group ** C/N of a regenerative signal Crystallization temperature (GeSb4Te7) 95 
(Cr4Te5) 5 45dB 170 degree-C(GeSb4Te7) 90 (Cr4Te5) 10 48dB 170 degree-C(GeSb4Te7) 80 (Cr4Te5) 20 
50dB 160 degree-C(GeSb4Te7) 65 (Cr4Te5) 35 50dB 150 degree-C(GeSb4Te7) 50 (Cr4Te5) 50 50dB 130 
degree-C(GeSb4Te7) 40 (Cr4Te5) 60 49dB 1 20 degrees C was understood that the range of 20 <=k/0+k) 
<=40 is more desirable than this result. 

[0329] (Relation with the high-melting component made to cover at the time of membrane formation) When 
manufacturing the thin film for information record of this example, high-melting component Cr4Te5 was made 
to put at an early process, but when the average thickness z of that high-melting component Cr4Te5 was 
changed as follows, C/N of the regenerative signal after rewriting a rewritable count and the power of a laser 
beam 105 times on the severe conditions made higher 15% than an optimum value changed as follows. Change 
of this C/N is based mainly on change of C level. 
[0330] 

A rewritable count z= Onm 5x104 times z= 1nm 1x105 times z= 5nm 2x105 times C/N of the regenerative 
signal after 105 times rewriting z= Inm 47dB z= 5nm 47dB z= lOnm 46dB It turned out that the range of 1 
nm<=z<=1 Onm is more desirable than this result z= 20nm40 dB. 

[0331] (In addition to this a protective layer, an interlayer, and the reflecting layer quality of the material) 
Although the protective layer 2 and the interlayer 4 are formed by ZnS-Si02 in this example It replaces with 
ZnS-Si02. A Si-N system ingredient, a Si-Q-N system ingredient, Si02, SiO, Ti02 and Ta 205, 
aluminum203, Y203, CeO and La 203, In203, GeO, Ge02, PbO, SnO, Sn02 and Bi 203, Te02, W02, W03, 
Sc 203, Nitrides, such as oxides, such as Zr02, TaN and AIN, Si3N4, and an aluminum-Si-N system 
ingredient (for example, AISiN2), Sulfides, such as ZnS, Sb2S3, CdS, In2S3, Ga2S3, GeS, SnS2 and PbS, and 
Bi2S3, Selenides, such as SnSe2, Sb2Se3, CdSe, ZnSe, In2Se3, Ga2Se3, GeSe, GeSe2, SnSe, PbSe, and 
Bi2Se3, Fluorides, such as CeF3, MgF2, and CaF2, or Si, germanium and TiB2, B4 C, B, and C, or the thing of 
the presentation near the above-mentioned ingredient may be used. Moreover, the layers and these multiplex 
layers of these charges of an admixture are sufficient.' 

[0332] the case of a multiplex layer — ZnS — more than 70 mol % — the oxide of the included ingredient, 80 
(Si02) 20 [ for example, (ZnS), ], Si and the ingredient which contains at least 1 person of the germanium 
more than 70 atom %, for example. Si, or Si, for example, the two-layer film with Si02, is desirable. In this 
case, in order to prevent a record sensibility fall, ZnS-SiO two-layer is prepared in a record film side, and 
that thickness is set to 3nm or more. Moreover, in order to demonstrate the record membrane flow depressor 
effect by the low-fever expansion coefficient of layers, such as Si02, lOnm or less in thickness is desirable. 
Although this two-layer film is desirable when it is prepared instead of a protective layer 2, you may prepare 
instead of an interlayer 4. As a substitute of a protective layer 2, 50nm or more 250nm or less has the 
desirable thickness of layers, such as Si02. When preparing the two-layer film instead of an interlayer, SiO 
two-layer thickness has 10nm or more desirable 80nm or less. It is desirable to prepare these two-layer film, 
not only when using the record film of this invention but when using other phase change record film. 
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[0333] Moreover, since the degree of freedom of reflection factor decision will increase if it is made the two- 
layer film which prepared Au layer in the ZnS-Si02 and substrate side, it is desirable. The thickness of Au 
layer at this time has desirable 30nm or less. The charge of an admixture which uses Au(s), such as Au-Co, 
Au-Cr, Au-TI, Au-nickel, and Au-Ag, as a principal component instead of Au may be used. 
[0334] the case where an interlayer 4 is omitted — record sensibility — about 30% — falling — also 
remaining unmelted — it increased about 5dB. The rewritable count also decreased. 

[0335] When an interlayer's 4 refractive index was in 1.7 or more and 2.3 or less range, C/N 50dB or more 
was obtained for thickness, respectively in the range of 3nm or more and 100nm or less and 180nm or more, 
and 400nm or less. 

[0336] Instead of aluminum-Ti used for the reflecting layer 5 in this example, as an ingredient of a reflecting 
layer, since the charge of a Si-germanium admixture can make the rate of light absorption of a record mark 
part smaller than the rate of light absorption of parts other than a record mark, it is based on an optical 
absorption coefficient difference, and disappears, the remainder can be prevented, and a rewritable count 
does not fall further. Below In 80 atom %, a fall cannot produce [ a rewritable count ] the content of 
germanium easily more than 10 atom %. 

[0337] Subsequently, the result with the same said of two or more sorts of charges of an admixture of Si-Sn, 
the charge of a Si-In admixture, or the charge of these admixtures was obtained. Even if it uses these 
reflecting layer ingredients as a reflecting layer ingredient in the case of using not only the phase change film 
of this Invention but other phase change film, a rewritable count does not fall compared with the conventional 
reflecting layer ingredient. 

[0338] Furthermore, the element simple substance of Si, germanium, C, Au, Ag, Cu, aluminum, nickel, Fe, Co, 
Cr. Ti, Pd, Ft, W, Ta, Mo, and Sb, Or the layer which consists of an alloy which makes these a principal 
component, or these comrades' alloy may be used, the multiplex layer which consists of those layers may be 
used, and the compound layer of these and other matter, such as an oxide, etc. may be used. 
[0339] In this example, directly, although the polycarbonate substrate 1 in which the irregularity of a tracking 
guide etc. was formed is used for the front face instead, the chemically strengthened glass in which 
polyolefine, epoxy, acrylic resin, and a UV-cured resin layer were formed on the front face etc. may be used 
for It. 

[0340] Even if the configuration of the simple laminated structure 3 which omitted a part of interlayer 4, 
reflecting layer 5, and protective layer 2, for example, the 2/record film of 1 /protective layers of substrates, 
the 3/interlayer 4 of 1 /record film of substrates, the 3/reflecting layer 5 of 1 /record film of substrates, etc. 
also rewrote many times compared with the conventional thing, the noise rise had it, and the good result was 
obtained. [ little ] 

[0341] As stated above, many rewritlngs are more possible for the thin film for information record of this 
example than before, keeping good record and playback / elimination property. Moreover, there is also an 
advantage that the power of the laser beam used for record and elimination may be low. 
[0342] In addition, the matter which has not been described here is the same as an example 1 . 
[0343] [Example 5] In the record film 5 of the germanlum-Sb-Te-Cr system of an example 1 , record film 5 
was formed by presentation germanium40Sb10Te40Cr10 near germanium50Te50 presentation. 20nm and 
record film were formed for 1 5nm and a protective layer, and structure formed [ the metal layer ] 40nm and 
70nm of reflecting layers in the bottom which is a protective layer for 20nm and an interlayer. The ingredient 
used Au for the metal layer and the reflecting layer. The thin film for information record was produced like 
the example 1 except it. Moreover, It was presupposed that the record playback approach of Initialization of 
the thin film concerned and the information on subsequent is the same as that of an example. 
[0344] (Near the related -2:GeTe presentation with the Sb content b) The presentation was changed on 
straight-line ** which set constant Cr content which connects germanium45Te45Cr10 of the triangular 
phase diagram of drawing 1 1 , and SbSOCrl 0, and the reflection factor difference at the time of making it 
crystallize with the time of making It make It amorphous was measured. Consequently, the following data 



were obtained. 
[0345] 

Ge4BTe4BCriB 50% 

Ge43 S b4Te4s C rio 51% 

G 640 S bi 0 T e4o C r 10 51% 

Ge37 S bioTesT C rio 44% 

Gess S baoTess C rio 30% 
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' This showed that a high reflection factor difference was acquired in 0<=b<=0.2 in near a GeTe presentation. 
When Sb was added in 0.01 <=b<=0.2, the crack initiation in 80% of 60 relative humidity has been prevented. 
However, presentation control finer than the film which does not add Sb is required. 

[0346] (germanium, near the related -2:GeTe presentation with the Te contents a and c) The presentation 
was changed on straight-line which set constant Cr content which connects SblOTeSOCrlO of the 
triangular phase diagram of drawing 1 1 , and germaniumSOSbl OCrl 0, and the reflection factor difference at 
the time of making it crystallize with the time of making it make it amorphous was measured. Consequently, 
the following data were obtained. 



[0347] 




m. ^ 




GeisSbipTeesCrio 


3 5% 


GeaoSbioTeeoCTio 


45% 


Ge28SbiBTes2Crio 


5 0% 


G Gto S bioTe4o O T ID 


5 1% 


GesaSbioTcasCrio 


46% 


Geeo S bio Te2D C fio 


3 6% 



This showed that a high reflection factor difference was acquired in 0.25<=a<=0.65 and 0.35<=c<=0.75 in near 
a GeTe presentation. 

[0348] When keeping the ratio of the contents a, b, and c of the germanium pair Sb pair Te which are the 
remainders of Cr4Te5 at a:b:c=4:1:4 and changing the content of Cr4Te5, (Near the related -2:GeTe 
presentation with the Cr content d) When C/N of the regenerative signal after rewriting the power of a laser 
beam 105 times on the severe conditions made higher 15% than an optimum value was measured, the 
following results were obtained about the content d of Cr. 
[0349] 

Regenerative-signal C/N after 105 times rewriting d= 0 42dB d= 3 48dB d= 10 50dB d= 20 50dB d= 34 When 

the content d of 48dBCr was changed, the "elimination ratio" of the regenerative signal when the over-write 

[ a signal ] after 1-time record once changed as follows, having used the count of initialization as 200 times 

on the severe conditions which made power of a laser beam higher 15% than an optimum value. 

[0350] An "elimination ratio" expresses the ratio of the signal before and behind overwrite when carrying out 

overwrite of another signal with which frequencies differ on the already recorded signal with dB here. 

[0351] 

The over-write [ a signal ] after 1-time record once The elimination ratio of the regenerative signal when 
carrying out d= 10 28dB d= 20 25dB d= 30 25dB d= 40 From this result, 20dB is understood that an 
elimination ratio falls as the content d of Cr increases. 

[0352] From this result, in the range of 0.03<=d<=0.3, a sufficiently high elimination ratio is obtained and the 

carrier-to-noise ratio (C/N) of the regenerative signal after rewriting 105 times on the severe conditions 

which made laser beam power higher 15% than an optimum value can improve. 

[0353] In addition, the matter which has not been described here is the same as an example 1 . 

[0354] [Example 6] In the record film 5 of an example 1, the thin film for information record was produced like 

the example 1 except the point that said high-melting component formed the record film which changed in 

the direction of thickness. Moreover, others were produced like the disk-like information record medium 

which one example used. Initialization and the subsequent record / playback approach were also made to be 

the same as that of an example 1 . 

[0355] (A configuration and process) The content of said high-melting component used the rotation 
coincidence spatter of the Cr4Te5 target and GeSb4Te7 target by the magnetron sputtering system for 
formation of the record film which changed in the direction of thickness. Under the present circumstances, 
3nm of Cr4Te5 film is formed first, as shown below after that, the electrical potential difference impressed to 
GeSb4Te7 target was fixed, and the electrical potential difference impressed to Cr4Te5 target was lowered 
gradually. 
[0356] 

Spatter time amount Spatter power (W) From an optical incidence side Cr4Te5 content (second) GeSb4Te7 
target Cr4Te5 target Record film thickness (nm) (atomic %) 0-9 49 150 0-6 5010-20 49 100 6-12 4021-33 49 
65 13-18 3034-47 49 40 19-24 2048-63 49 20 24-30 The electrical potential difference impressed to Cr4Te5 
target is fixed, and even if it raises gradually the electrical potential difference impressed to GeSb4Te7 
target, the content of a high-melting component can form also in 10 others the record film which changed in 
the direction of thickness. Made it better [ the recording characteristic ] for applied voltage to change 
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gradually. Moreover, in in-line spatter equipment, the specification of the target to which the area of Cr4Te5 
presentation and the area of GeSb4Te7 presentation were changed gradually is carried out, and it can be 
produced similarly. The disk with this record film was produced. 

[0357] This disk has reduced the count of laser radiation for initialization, although production became 
complicated compared with record film with the content of a high-melting component fixed in the direction of 
thickness like an example 1. 

[0358] About the matter which has not been described here, it is the same as that of an example 1. 
[0359] [Example 7] Drawing 1 2 shows an example of the structure section Fig. of the disk using the super 
resolution read-out film by this invention. 

[0360] In manufacture of the disk of drawing 12 , the polycarbonate substrate 1 1 with which information was 
recorded with irregularity with a diameter [ of 13cm ] and a thickness of 1.2mm was formed first. Next, it had 
two or more targets for this substrate, and the cascade screen could be formed one by one, and it attached 
in the magnetron sputtering system with the sufficient homogeneity of thickness and repeatability, and 80 
(ZnS) (Si02) 20 layer 12 [ with a thickness of 125nm ] was formed on this substrate. Then, it is GeSb2Te4 at 
an RF generator about Cr4Te5 target. The coincidence spatter of the target was carried out by DC power 
supply, and 30nm of 20 (GeSb2Te4) 80 film 13 which is super resolution read-out film (Cr4Te5) was formed. 
Next (ZnS), they are 20nm and aluminum97Ti3 about 80 (Si02) 20 layer 14. The laminating of the layer 15 
was carried out to lOOnm thickness one by one. Then, polycarbonate substrate 11' was stuck and united 
through the glue line 16 on this. 

[0361] Generally, if light is irradiated at a thin film, interference will arise by the superposition of the reflected 
light from the front face of a thin film, and the reflected light from the rear face of a thin film. Then, 
effectiveness of interference can be enlarged by preparing the "reflecting layer" which approaches a thin film 
and reflects light to enlarge change of the reflection factor of the thin film for super resolution read-out. In 
addition, it is good also as an absorption layer which absorbs light. aluminum97Ti3 of drawing 1 A layer 15 
plays the role of this reflecting layer. 

[0362] In order to enlarge effectiveness of interference more, it is desirable to prepare an "interlayer" 
between the thin film for super resolution read-out and a reflecting layer. An interlayer has the work which 
decreases the recess of the operation which prevents that counter diffusion happens between the thin film 
for super resolution read-out, and a reflecting layer, and the heat to a reflecting layer, it reads [ work ] at the 
time of super resolution read-out, and sensibility is raised [ work ], and crystallizes the film after super 
resolution read-out. 80 (ZnS) (Si02) 20 layer 14 of drawing 1 2 carries out this interlayer's operation. 
[0363] As for one [ at least ] interface of said thin film 1 3 for super resolution read-out, it is desirable to 
stick to other matter and to be protected, and if the interface of both sides is protected, it is still more 
desirable. A substrate may perform this protection and the protective layer formed apart from the substrate 
may perform. By formation of a "protective layer", the increment in a noise resulting from deformation of the 
thin film at the time of super resolution read-out can be prevented. 80 (ZnS) (Si02) 20 layer 12 of drawing 12 
carries out an operation of this protective layer. 

[0364] The thickness of the super resolution read-out film 13 was determined from the measurement result 
of the reflection factor of a crystallization condition and an amorphous state shown in drawing 13 . As shown 
in drawing 2 , when thickness was 30nm, the reflection factor of a crystallization condition was larger than 
the amorphous state, and since the reflection factor difference of a crystallization condition and an 
amorphous state became max, the thickness of 20 (Cr4Te5) (GeSb2Te4) 80 film 13 was set as 30nm. 
[0365] The disk produced as mentioned above initialized as follows first. With flash plate light, after perform 
preliminary crystallization, the disk was rotated by 1800rpm, it maintained at the level (about ImW) on which 
super resolution read-out is not perform, it condensed with the lens in a recording head, the optical 
reinforcement of semiconductor laser was read through the substrate 11, the film 13 was irradiated, and by 
detect a reflection factor, the head was drove so that the core of an optical spot might always be in 
agreement with the core of the slot for tracking. Thus, performing tracking, automatic-focusing doubling was 
performed so that a focus might suit on the super resolution read-out film further, and the power 1 1mW 
continuation laser beam was first irradiated 5 times on the same truck for initial crystallization. This exposure 
power is good in 9-1 8mW. Then, the 6mW continuation laser beam was irradiated 3 times. This exposure 
power is good in 4-9mW. Although the two above-mentioned kinds of exposures should Just be 1 time or 
more, the exposure of the one where power is higher has 2 more desirable times or more. 
[0366] In order to improve C/N by the super resolution read-out film containing a high-melting component, it 
is important to fully perform initial crystallization. For this reason, initial crystallization performed the 
exposure by low power preponderantly, and irradiated the power 6mW continuation laser beam 500 times and 
irradiated the 6mW continuation laser beam to the 1 1mW continuation laser beam 10 times 3 times 
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continuously on the same truck. Although time amount was taken, when 1 1mW three laser radiation was 
repeated several times, C/N and the count which can be super resolution read increased further by 6mW 500 
times. 

[0367] If it carries out with the thing which performed these exposures by the semiconductor laser array, or 
divided the light beam from gas laser into plurality, or the ellipse beam which operated the light beam from 
high power gas laser or semiconductor laser orthopedically for a long time to radial [ of a disk ], it is also 
possible to carry out to coincidence to all trucks by one rotation of a disk. If two or more optical spots are 
not arranged on the same truck but a little location is shifted and arranged in the method line of a radius of a 
disk, the large range can be initialized, It disappears and there Is effectiveness, like the remainder decreases. 
[0368] Moreover, when the truck periphery also crystallized by the approach of irradiating a continuation 
laser beam, performing tracking between slots at the last of initialization, the cross talk was able to be 
reduced by 2dB. In crystallization, power was set to 6mW and continuation light was irradiated. 
[0369] The principle of super resolution read-out by the super resolution effectiveness Is as follows. In 
drawing 8 , they are optical spots, such as a laser beam, and the record mark by which 31 was formed in 32a 
and 32b was formed in the front face of a substrate 1. The diameter of an optical spot is defined as a 
diameter of the light beam in the location where optical reinforcement becomes (1 / e2) of the peak intensity. 
The minimum pitch of a record mark is set up smaller than the diameter of a spot of the optical spot 31 . 
[0370] In the elevated-temperature field in an optical spot, in order [ In the super resolution read-out film ] 
for phase change component GeSb2Te4 to dissolve at least and for either [ at least ] the real part n of 
complex index of refraction or the imaginary part k to fall, decline in a reflection factor takes place. Then, 
although there are two record marks 32a and 32b in the optical spot 31, since record mark 32b in the 
elevated-temperature field 35 is hidden by the super resolution read-out layer 1 3, only record mark 32a is 
detected in fact. If It puts in another way, the actual detection range 34 will serve as the range 33 31 
committed as a mask, i.e., an optical spot, and a crescent shape field excluding the duplication part of the 
elevated-temperature field 35 from the circular field of the optical spot 31 like drawing 8 . In this way, it 
becomes possible to carry out super resolution read-out of the record mark smaller than the diameter of an 
optical spot. 

[0371] In the part which performs super resolution read-out, laser power was set to 8mW, It was kept 
constant, and super resolution read-out was performed. This power changes with melting points of the super 
resolution read-out film. When passing the super resolution read-out part, laser power was lowered to ImW 
and tracking and automatic-focusing doubling were continued. Lowering laser power to ImW had 
effectiveness in preventing degradation of a mask layer. In addition, tracking and automatic-focusing doubling 
are continued also during super resolution read-out. Within limits the relation between tracking and the laser 
power Pt for automatic-focusing doubling, and the laser power Pr for super resolution read-out is indicated 
to be to a degree type, the good super resolution read-out property was acquired. 
[0372] By the disk which is left with the super resolution read-out film making amorphous, it needed to 
crystallize after Pr/Pt>=2 super-resolution read-out. About the disk of the film presentation crystalized 
again, crystallization was unnecessary after read-out. 

[0373] by the disk using the super resolution read-out film of this example, and the disk which does not use 
the super resolution read-out film, when C/N at the time of carrying out super resolution reading appearance 
of the mark of different size was compared, in the disk using the super resolution read-out film of this 
example, the super resolution effectiveness of a minute mark was seen as follows. 
[0374] 

Mark size (micrometer) Super resolution read-out Super resolution read-out Those with the film (dB) With no 
film (dB) 

0.3 30 - 0.4 43 30 0.5 47 35 0.6 49 40 0.7 50 46 0.8 50 50 protective 

coats, ZnS-Si02 used for at least 1 person of the Interlayers To *s|e******, a Si-N system ingredient, a Si- 
0-N system ingredient, Si02, SiO, Ti02 and aluminum 203, Y203, CeO, La 203, In203, GeO, Ge02, PbO, 
SnO, Sn02 and Bi 203, Te02, W02, W03. Sc 203, Oxides and nitrides, such as Zr02, and TaN, AIN, AISiN2, 
Si3N4, [, such as an aluminum-Si-N system ingredient ] Sulfides, such as ZnS, Sb2S3, CdS, In2S3, Ga2S3, 
GeS. SnS2 and PbS, and Bi2S3, The selenlde of SnSe2. Sb2Se3, OdSe. ZnSe, In2Se3, Ga2Se3, GeSe, GeSe2, 
SnSe. and PbSeBi2Se3 grade. The thing of the presentation near fiuorides, such as CeF3, MgF2, and CaF2, or 
Si, germanium and TiB2, B4 0, B, and C, or all the charges of protective coat material that were stated here 
may be used. Moreover, it can form with fluororesins, such as acrylic resin, a polycarbonate, polyolefine, an 
epoxy resin, polyimide, polystyrene, polyethylene, polyethylene terephthalate, and Pori ethylene tetrafluoride 
(Tefion), etc. The ethylene-vinylacetate copolymer known as hot melt adhesive, adheslves, etc. may be used. 
At least one of the resin of these may be formed with the ultraviolet-rays hardening resin used as a principal 
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' component. You may serve as a protective layer with the substrate of the organic substance. Or these mixed 
ingredient layers or a multiplex layer is sufficient. When an interlayer was omitted, super resolution read-out 
sensibility fell about 30%, and the count which can be super resolution read also decreased. An interlayer's 
refractive index is or more 1 .7 2.3 or less range, and, as for thickness, C/N 48dB or more was obtained in 
[ 3nm or more ] 400nm or less. 

[0375] The compound layer of the layer of the simple substance Au, Ag, Cu, C, Si, germanium, aluminum, 
nickel, Fe, Co, Cr, Ti, Pd, Pt, W, Ta, Mo, and Sb's or the alloy which makes these a principal component, a 
compound, mixture, or these comrades' alloy or a multiplex layer, these, and other matter, such as an oxide, 
etc. may be used instead of aluminum-Ti used for the reflecting layer. 

[0376] Instead of the polycarbonate substrate which formed the irregularity of a direct tracking guide etc. in 
the front face as a substrate, the chemically strengthened glass in which polyolefine, epoxy, acrylic resin, and 
a UV-cured resin layer were formed on the front face etc. may be used. 

[0377] In addition, although the disk using the super resolution read-out film shown in drawing 13 is one side 
structure, it is good also as double-sided structure which produces the two same structures as 1 1 to 1 5 
instead of polycarbonate substrate 1 1', and was stuck through the glue line 6. 

[0378] [Example 8] In the disk shown in drawing 1 , when the presentation of the super resolution read-out 
film was changed as follows, variation **k' of the extinction coefficient k of the super resolution read-out film 
before and after the exposure of a laser beam changed, the disk equipped with these super resolution read- 
out film — the record mark of about 25% of die length of the diameter of an optical spot — forming — it — 
105 When C/N of the regenerative signal after carrying out time super resolution reading appearance was 
compared, the result as shown below was obtained. 
[0379] 

Film Group ** Variation of an extinction coefficient k 105 After time super resolution read-out C/N of 

********** (Cr4Te5) 80(GeSb2Te4) 20 **k'= 5% 37dB (Cr4Te5) 

60 (GeSb2Te4) 40 **k'=10% 42dB (Cr4Te5) 40 (GeSb2Te4) 60 **k'=20% 46dB (Cr4Te5) 20(GeSb2Te4) 80 
**k - — 30% 48dB is understood that the range of 20%<=**k' is more desirable than this result. 
[0380] [Example 9] When the high-melting component was put into the super resolution read-out film, the 
count which can be super resolution read improved. The difference in the count by the difference (melting 
point of the melting point-phase change component of a deltam.p= high-melting component) of the melting 
point in the super resolution read-out film at this time which can be super resolution read was investigated. 
Here, a phase change component is GeSb2Te4. It used and the high-melting component was changed. 
[0381] 

High-melting component deltam.p (degree C) Count which can be super resolution read (time) 

pt3Sb 50 5x105 Mo3Sb7 150 1x106 CoSb3 200 2x106 Cr4Te5 

>=300 It turns out are [ >=2x] 106, consequently that the range of deltam.p>=1 50 is desirable more. 
[0382] [Example 10] It sets on the super resolution readout film indicated in the example 7, and is GeSb2Te4. 
As a phase change component of an except The same result is obtained even if it replaces among following D 
groups by at least 1 person of the 3 yuan or more compounds near the things or these mixed presentations, 
and a mixed presentation of the presentation near the presentation near at least 1 person or this, a 
compound with a melting point of 650 degrees C or less, or it. 

[0383] <D group> Sn, Pb, Sb, Te. Zn, Cd, Se, In, Ga, S, Tl, Mg, TI2Se, TISe, TI2Se3, TI3Te2, TITe, InBi, In2Bi, 
TeBi, Tl-Se, Tl-Te, Pb-Sn, Bi-Sn, Se-Te, S-Se, Bi-Ga, Sn-Zn, Ga-Sn, Ga-In, and In3SeTe2, AgInTe2, 
GeSb4Te7, germanium2Sb2Te5, GeSb2Te4, GeBi4Te7, GeBi2Te4, germanium3Bi2Te6, Sn2Sb6Se11, 
Sn2Sb2Se5. SnSb2Te4, and Pb2Sb6 ~ Te11, CuAsSe2, Cu3AsSe3, CuSbS2. CuSbSe2, InSe. Sb2Se3, 
Sb2Te3, Bi2Te3, SnSb, FeTe, and Fe2Te3 ~ FeTe2, ZnSb, Zn3Sb2, VTe2, V5Te8, Agln2, BiSe, InSb, In2Te, 
In2Te5. Ba4TI, CdlINd, Ba13TI, Cd6Nd, Ba2TI. 

[0384] Cr4Te5 The same result is obtained even if it replaces by at least 1 person of the 3 yuan or more 

compounds near the things or these mixed presentations, and a mixed presentation of the presentation near 

the following compound, an alloy, or it as a high-melting component of an except. 

[0385] (a) When the melting point of a phase change component is 450-650 degrees C, they are the 

compound of following A group, or a compound with a melting point of 800 degrees C or more. 

[0386] The <A groups> 2, NdPd3, NdPd5. Nd7Pt3, Nd3Pt2. NdPt. Nd3Pt4, NdPt2, NdPt5, Bi2Nd, BiNd, Bi3Nd4, 

Bi3Nd5, BiNd2, Cd2Nd, [ BaPd, BaPd /5 /. and NdPd ] CdNd, Mn2Nd. Mn23Nd6, Mn12Nd. Nd5Sb3, Nd4Sb3, 

NdSb, NdSb2. Fe2Nd, Fe17Nd2, Cs3germanium2, CsGe, CsGe4, Nd5Si3. Nd5Si4, NdSi, and Nd3Si4, Nd2 ~ Si3 

and Nd5 ~ Si9 and Cs2 ~ Te, NdTe3, Nd2Te5, NdTe2, Nd4Te7, Nd2Te3, Nd3Te4, NdTe. and Ce3 ~ Ir. 

Ce2Ir, Ce55Ir45. Celr2 and Celr3, Ce21r7, and CeIrS — CaPd, CaPd2, CaGe. and calcium2 — germanium, 

GeNa3, GeNa, CaSi2, calcium2Si, CaSi, Se2Sr. Se3Sr2, SeSr, GeSr2, GeSr, germanium2Sr, SnSr, Sn3Sr5, 
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SnSr2, and Ce — 2 Tl Ce5TI3, CeTI3, Ce3TI5, CeTI, BaTI, Pd13TI9, and Pd2 — Tl and Pd3 — Tl and Mg2 — 
Si and Mg2 — germanium, BaPd2, BaPd5. Ce4Se7, Ce3Se4, Ce2Se3, CeSe, and Ce5germanium3 — 
Ce4germanium3, Ce5germanium4, CeGe, Ce3germanium5, Ce5Si3, Ce3Si2, Ce5Si4, CeSi, Ce3Si5, CeSi2 and 
CeTeS. Ce2Te5, CeTe2. Ce4Te7. Ce3Te4, CeTe. La3Se7. LaSe2. La4Se7. La2Se3, La3Se4, LaSe. GeLaS, 
germanium3La5, germanium3La4, germanium4La5, GeLa, germanium5La3, BaSe2, Ba2Se3, BaSe, PdSe, and 
Mo3Se4, MoSe2 and Ba2 — germanium. BaGe2, BaGe. Ba2Te3, BaTe, and germanium2 — Pd5, GePd2, 
germanium9Pd25, GePd, germanium3Pt, germanium3Pt2, GePt, germanium2Pt3, GePt2, GePt3, Pu3Sn, and 
Pu5Sn3 — Pu5Sn4, Pu8Sn7, Pu7Sn8, PuSn2, PuSn3, Pt5Te4, Pt4Te5, PtTe2, GeNi, germanlum3nickel5, 
germanium2nickel5, GeNi3, NiTe 0.85, NiTeO.775, and nickel3**xTex, Cr11germanium19, CrGe, 
Cri 1 germanium8, Cr5germanium3, and Cr3 — germanium, CrSi2, Cr5Si3, Cr3SI, Cr5Te8, Cr4Te5, Gr3Te4, 
Cr1-xTe, germanium3Mn5, GeMn2, Mn6Si, and Mn9Si2 — IVInSSi, Mn5Si2, Mn5Si3, MnSi. Mn11Si19, Mn2Sn, 
Mn3.25Sn, MnTe, Te2W, FeGe2, Fe5germanium3, FeSgermanium, Fe2Si, Fe5Si3, FeSi, FeSi2, germanium2Mo, 
germanium41Mo23, germanium 16Mo9, germanium23Mo13, germanium3Mo5, GeMo3, Mo3SI, Mo5Si3, MoSi2, 
MoSn, MoSn2, and Mo3 — Te4, MoTe2. Si2Ti, SITI, Si4Ti5, Si3TI5, and SiTi3 — Sn5Ti6, Sn3Ti5, SnTi2, SnTi3, 
CoGe2, Co5germanium7, CoGe, Co5germanium3, Co4germanium, Go3Te4, germanium7Re3, Re5Si3, ReSi, 
ReSi2, Re2Te. 

[0387] (b) When the melting point of a phase change component is 250-450 degrees C, they are the 
compound of said A group or following B group, or a compound with a melting point of 600 degrees C or more. 

[0388] the <B group> Cs 3 — germanium and Ba2 — Tl, GePd3, Fe6germanium5, FeTe2, Go5germanium2, 
Nd3Pd, Cs3Te2, Ce4Ir, NaPd, calcium9Pd, calcium3Pd2, and calcium2 — germanium and Se3 — Sr and Ce3 - 
- Tl, CeSe2, and Ce — 3 germanium BaSe3, GeSe2, GeSe, BaTe2, GePd5, and germanium8 — Mn1 1, MnTe2, 
germanium3W2, FeGe, Fe4germanium3, Fe3Sn, Fe3 Sn<SUB>2, FeSn, and CoTe2. 

[0389] (c) When the melting point of a phase change component Is 250 degrees C or less, they are the 
compound of said A group, B group, or following C group, or a compound with a melting point of 400 degrees 
C or more. 

[0390] <C group> Ba4TI, CsTe, Ba4TI, Ba13TI, CdlINd, Cd6Nd. Cs5Te4, calcium3Pd. calcium5Pd2, Sn3Sr, 
Ba13TI, PdTI2 and FeSe2, FeSe, Cr2Te3, CrTe3, and FeSn2. 

[0391] [Example 11] It sets on the super resolution read-out film, and is Cr4Te5 in the combination of the 
above-mentioned high-melting component and the above-mentioned phase change component. GeSb2Te4 
The same element as each component existed, it constructed, and the super resolution read-out property 
had [ like ] good However, since the difference of the melting point of both components stopped 

coming out when there are too many amounts of the same element, below 80 atom % in a component of the 
amount of the same element was desirable. Moreover, when there were few amounts, the refractive index of 
both the components in an aperture part did not become equal in many cases, and more than 30 atom % was 
desirable. 

[0392] [Example 12] GeSb2Te4 was used as a phase change component in the super resolution read-out film, 
Cr4Te5 was used as a high-melting component, and the following results were obtained, when the high- 
melting quantitative formula (atomic %) was changed and C/N and the count which can be super resolution 
read were investigated. 
[0393] 

High-melting quantitative formula (atomic %) Count which can be super resolution read (time) 

5 6x105 10 1x106 20 2x106>=30 >=2x106 High-melting quantitative 

formula (%) C/N (dB) 

<=30 >=48 40 48 50 46 60 42 ~ it turns out that a high-melting quantitative 

formula has 10 - 50% of desirable range, and 20 - 40% of range is more more desirable than this result. 

[0394] It is desirable to use the content of an oxide, a sulfide, a nitride, and carbide as less than 50% of a 

high-melting component in a high-melting component, and it is desirable especially to consider as less than 

20%. If there are many these contents, the difference of complex index of refraction with a phase change 

component cannot be made small, or it is easy to produce the problem which oxygen etc. is spread 

[ problem ] and degrades a super resolution read-out property in a phase change component. 

[0395] [Example 13] It was as follows, when the presentation of a phase change component was changed and 

optimal super resolution read-out power was investigated with the super resolution read-out film ingredient, 

since the melting points of the super resolution read-out film differed. Cr4Te5 was used as a high-melting 

component. 

[0396] 

Presentation of the phase change component in the film The membranous melting point (degree C) Super 
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• resolution read-out power (mW) 

Sn75Zn25 250 3 In2Te5 450 6 germanium2Sb2Te5 650 The power 

at the time of super resolution read-out is low, and ends, and the one where the melting point of 8 super- 
resolution read-out film is lower is desirable. 

[0397] [Example 14] In engine-speed regularity, the inner circumference of a disk differs in linear velocity 
from a periphery. By the 5 inch disk, when super resolution read-out thickness was changed so that it might 
be set to 20nm in inner circumference and might be set to 40nm on a periphery corresponding to this since 
linear velocity changed to 5.7 - 1 1.3 m/s, inner circumference became small and the width efface of the field 
by which a mask is not carried out among optical spots acquired the good super resolution read-out property 
of C/N48dB in both inner circumference and a periphery. Moreover, it goes to a periphery from inner 
circumference, and is GeSb2Te4 of a GeSbTe system. Or germanium2Sb2Te5 Since a crystallization rate 
became early so that it goes to a periphery when the amount of gaps from a presentation is lessened, linear 
velocity correspondence became easy and acquired the good super resolution read-out property of C/N48dB 
in both inner circumference and a periphery. 

[0398] [Example 15] The block diagram of the super resolution read-out system of the equipment for super 
resolution read-out is shown in drawing 14 . In response to the super resolution read-out command 42, laser 
radiation is performed from the optical head 50, and the reflected light which has returned from the optical 
disk 51 is again detected with the optical head 50. 

[0399] When using continuation light as a laser beam, it considers as the network of (a) of drawing, and in 
using pulsed light, the pulse-ized circuit 43 is incorporated and it considers as the network of (b). The 
synchronization of pulsed light is performed through address part and the flag section detection 45. 
[0400] In order to acquire a good super resolution read-out property, the laser power setting circuit 47 
maintains the relation between tracking and the laser power Pt for automatic-focusing doubling, and the laser 
power Pr for super resolution read-out like a degree type. 

[0401] In order to make it a high-melting component stop at solid phase, it carried out detection analysis of 
the turbulence of the reflected light intensity distribution of return light in the optical intensity-distribution 
analysis circuit 48 at the time of a laser power exposure, and included the circuit which can adjust laser 
power according to scale of turbulence in the laser power setting circuit 47, without the whole film's 
dissolving also in Pr/Pt>=2 and the field used as the maximum temperature of the film for super resolution 
read-out. Thereby, degradation of the film for super resolution read-out stopped being able to happen easily. 
[0402] Here, the turbulence of optical intensity distribution is time fluctuation of a ratio, time fluctuation of 
turbulence, i.e., each detector output, of optical intensity distribution. The output of each detector was 
connected and detected in the optical intensity-distribution analysis circuit 48 using that by which two or 
more detectors arranged one-dimension-wise [ the turbulence of optical intensity distribution ] or two- 
dimensional have been arranged almost in parallel with a record-medium side. 

[0403] In order to prevent degradation of the film for super resolution read-out, the super resolution read- 
out laser beam was made into pulsed light. Since a spot lapped 30% or more in the range of 0.4 
lambda/NA<=vT by the disk which the ratio (a:lambda/NA) of die-length a of the core of the direction of a 
truck of the diameter of a laser spot (lambda/NA) and an aperture is made to 1 / 3 - 1/2 at this time, and 
has a minute mark, there was little effectiveness of pulse-izing, and it turned out that a mark is skipped in 
the range of vT<=1.5 lambda/NA. 

[0404] Then, in order to ensure super resolution read-out of a mark,, the circuit for filling a bottom type was 

included in the pulse-ized circuit 43 of drawing 14 . 

[0405] 0.4lambda/NA<=vT<=1 .5lambda/NA0.3k<=x/T<=0.5k, consequently C/N46dB were able to be obtained, 
k was a proportionality constant and was k= 1 in the disk of the structure of drawing 7 at the time of laser 
power 8mW and linear velocity 8 m/s. Furthermore, when the bottom type was filled, C/N improved by 2dB. 
[0406] 0.5lambda/NA<=vT<=0.9lambda/NA0.3k<=x/T<=0.5k [example 1 6] drawing 9 shows an example of the 
structure section Fig. of the disk which can be written which used the super resolution read-out film of this 
invention. In this example, the super resolution read-out film which has the average presentation of said 
general formula (8) was used. 

[0407] First, the polycarbonate substrate with a diameter [ of 1 3cm ] and a thickness of 1 .2mm was formed. 
Next, it had two or more targets for this substrate, and the cascade screen could be formed one by one, and 
it attached in the magnetron sputtering system with the sufficient homogeneity of thickness and repeatability, 
and 80 (ZnS) (Si02) 20 layer with a thickness of 125nm was formed on this. Then, 30nm, 80 (ZnS) (Si02) 20 
layer, and 30nm of 20 (Cr4Te5) (GeSb2Te4) 80 film were formed for 80 (Sn3Zn) (SnTi2) 20 film. Next (ZnS), 
the laminating of 20nm and the 1 0Onm of the aluminum-Ti layers was carried out for 80 (Si02) 20 layer one 
by one. Then, the polycarbonate substrate was stuck and set through the glue line on this. Although this disk 
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can use only one side, it is good also as double-sided structure where produced two things of the same 
structure and it was made to rival by the glue line. 

[0408] In the part which performs super resolution read-out, laser power was set to 3mW and super 
resolution read-out was performed. This power changes with melting points of the super resolution read-out 
film. When passing the super resolution read-out part, laser power was lowered to 1mW and tracking and 
automatic-focusing doubling were continued. In addition, tracking and automatic-focusing doubling are 
continued also during super resolution read-out. 

[0409] After super resolution read-out, since the super resolution read-out film crystallized again, 
crystallization was unnecessary. 

[0410] [Example 17] The content of Sn and Ti is changed in the super resolution read-out film which consists 
of 80 (SnSZn) (SnTi2) 20 shown in drawing 9 of said example 16, keeping the content of Zn constant, and it is 
slack, and the count which can be super resolution read and 105. C/N of the regenerative signal after time 
super resolution read-out changed as follows. 
[0411] 

Group ** The count which can be super resolution read Sn55Zn20Ti25 > 

2x106 Time Sn67Zn20Ti13 2x106 Time Sn75Zn20Ti5 1x106 Time Sn80Zn20 5x105 Time Group ** 105 C/N 

of the regenerative signal after time super resolution read-out 

Sn25Zn20Ti55 44dB Sn30Zn20Ti50 46dB Sn40Zn20Ti40 48dB Sn55Zn20Ti25 50dB can come and the range 
of e in said general formula (8) and f is understood more that 30<=e<=95 and 5<=f<=50 are desirable, and 
40<=e<=87 and 13<=f<=40 are more desirable. 

[0412] Furthermore, it is 105, when adding TI and changing the content as follows in the super resolution 
read-out film 26 which consists of above 80 (Sn3Zn) (SnTi2) 20, keeping the content of Sn, Zn, and Ti 
constant. C/N of the regenerative signal after time super resolution read-out changed as follows. 
[0413] 

TI content 105 C/N of the regenerative signal after time super resolution read-out 

g=0 % 46dB g=10 % 48dB g=20 % 46dB g=25 % It turns out that 0<=g<=20 is desirable as for the 

range of g in said general formula (8), and 0<=g<=10 is more more desirable than this 43dB. 
[0414] moreover, the combination of said D, D' (in the case [ Said D is D and D' like Above Sn and Zn. ] of 
two elements), and E and F — setting — D-E, E-F, and D' — or the high-melting component made from the 
combination of -E does not have the eutectic point — the eutectic point — **** — even if it was, the thing 
with 1 50-degree-C or more melting point higher than the melting point of D and D-D' was desirable. 
[0415] [Example 18] the super resolution read-out film which consists of Sn-Zn-Ti of said example 16 The 
ingredient of the average presentation expressed with said general formula (8), Pb-Se, Pb-Ce, Pb-La, Pb-Pt, 
Pb-Si, Sn-Sb, Sn-Se, Sn-Co, Sn-Cu, Sn-nickel, Sn-Pt, Bi-Te, Bi-Se, Bi-Ce, Bi-Cu, Bi-Cd, Bi-Pt, Zn-nickel, 
Zn-Pt, Zn-La, Zn-Ce, Ga-Cr, Ga-Cu, Ga-nickel, Ga-La, Ga-Pt, Ga-Ce, In-Se, In-Sb, In-Te, In-As, In-Mn, In- 
nickel, In-Ag, Pb-Sn-Se, Pb-Sn-Ce, Pb-Sn-La, Pb-Sn-Pt, Pb-Sn-Si. Pb-Sn-Sb, Pb-Sn-Co, Pb-Sn-Cu, Pb- 
Sn-nickel, Sn-Bi-Sb, Sn-Bi-Se, Sn-Bi-Co, Sn-Bi-Cu, Sn-Bi-nickel, Sn-Bi-Pt, Sn-Bi-Te. Sn-Bi-Ce, Sn-Bi- 
Cd, Zn-Sn-Sb, Zn-Sn-Se, Zn-Sn-Co, Zn-Sn-Cu, Zn-Sn-nickel, Zn-Sn-Pt, Zn-Sn-nickel, Zn-Sn-La, Zn-Sn- 
Ce, Sn-Ga-Sb, Sn-Ga-Se, Sn-Ga-Co. Sb-Ga-Cu, Sn-Ga-nickel, Sn-Ga-Pt, Sn-Ga-Cr. Sn-Ga-La, Sn-Ga- 
Ce, Bi-Ga-Te, Bi-Ga-Se, Bi-Ga-Cu, Bi-Ga-Cd, Bi-Ga-Pt, Bi-Ga-Cr, Bi-Ga-nickel, Bi-Ga-La, Bi-Ga-Ce, In- 
Ga-Cr, In-Ga-Cu, In-Ga-nickel, In-Ga-La, In-Ga-Pt, In-Ga-Ce, In-Ga-Se, In-Ga-Sb, In-Ga-Te, In-Ga-As, 
In-Ga-Mn, Even if it changes into In-Ga-Ag, In-Bi-Te, In-Bi-Se, In-Bi-Cu, In-Bi-Cd, In-Bi-Pt, In-Bi-Sb. In- 
Bi-As, In-Bi-Mn, In-Bi-nickel, In-Bi-Ag, In-Bi-Ce, etc. The same result was obtained. 

[0416] [Example 19] The same result is obtained even if It changes the super resolution read-out film which 
consists of 80 (Sn3Zn) (SnTi2) 20 of said example 1 6 into the ingredient 9 of the average presentation 
expressed with said general formula (1 1), for example, Se51In40Cr etc., (high-melting component Cr3Se4;, 
phase change component;InSe). however, the count which can be read — 2x1 06 more than a time — 1 05 p in 
said general formula (11) from which C/N of the regenerative signal after time super resolution read-out is 
set to 46dB or more, and q. — the range of r and s — 40<=p<=95 and 0<=q<= — it was 55, 5<=r<=50, and 
0<=s<=20. Desirable range was 50<=p<=80. 0<=q<=40, 1 0<=r<=40, and 0<=s<=1 0 rather than C/N was set to 
48dB or more. Moreover, this presentation has been used also as phase change record film 28. It can be used 
also as phase change record film of the record medium which does not use the super resolution read-out 
film. 

[0417] [Example 20] the super resolution read-out film which consists of Se-In-Cr of said example 19 The 
ingredient of the average presentation expressed with said general formula (2), Se-In-Si, Se-In-Ag, Se-In- 
aluminum, Se-In-Ba, Se-In-calcium, Se-In-Cd, Se-In-Co, Se-In-Cu, Se-In-Mg, Se-In-Mn, Se-In-Mo, Se-In- 
nickel, Se-In-Pd, Se-In-Pt, Se-In-Ta, Se-In-Ti, Se-In-V, Se-In-W. Se-In-Y, Se-In-Pb, Se-Sb-Si. Se-Sb-Ag, 
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- Se-Sb-aluminum, Se-Sb-Ba, Se-Sb-calcium, Se-Sb-Cd, Se-Sb-Co, Se-Sb-Cr, Se-Sb-Cu, Se-Sb-Mg, Se- 
Sb-Mn, Se-Sb-Mo, Se-Sb-nickel, Se-Sb-Pd, Se-Sb-Pt. Se-Sb-Ta. Se-Sb-Ti. Se-Sb-V, Se-Sb-W. Se-Sb- 
Y. Se-Sb-Pb, Se-Bi-Si, Se-Bi-Ag, Se-Bi-aluminum, Se-Bi-Ba, Se-Bi-calcium, Se-Bi-Cd, Se-Bi-Co. Se-Bi- 
Cr, Se-Bi-Cu. Se-Bi-Mg, Se-Bi-Mn, Se-Bi-Mo, Se-Bi-nickel, Se-Bi-Pd, Se-Bi-Pt, Se-Bi-Ta, Se-Bi-Ti, Se- 
Bi-V, Se-Bi-W, Se-Bi-Y. Se-Bi-Pb, Se-Te-Si, Se-Te-Ag, Se-Te-aluminum, Se-Te-Ba, Se-Te-calcium, Se- 
Te-Cd, Se-Te-Co, Se-Te-Cr, Se-Te-Cu, Se-Te-Mg, Se-Te-Mn, Se-Te-Mo, Se-Te-nickel, Se-Te-Pd, Se- 
Te-Pt, Se-Te-Ta, Se-Te-Ti, Se-Te-V. Se-Te-W, Se-Te-Y, Se-Te-Pb. Se-Au-Si, Se-Au-Ag, Se-Au- 
aluminum, Se-Au-Ba, Se-Au-calcium, Se-Au-Cd, Se-Au-Co, Se-Au-Cr, Se-Au-Cu, Se-Au-Mg, Se-Au-Mn, 
Se-Au-Mo, Se-Au-nickel, Se-Au-Pd, Se-Au-Pt, Se-Au-Ta. Se-Au-Ti, Se-Au-V, Se-Au-W, Se-Au-Y, Se- 
Au-Pb, Se-B-Si, Se-B-Ag. Se-B-aluminum, Se-B-Ba, Se-B-calcium. Se-B-Cd, Se-B-Co. Se-B-Cr. Se-B- 
Cu, Se-B-Mg, Se-B-Mn, Se-B-Mo, Se-B-nickel, Se-B-Pd. Se-B-Pt, Se-B-Ta, Se-B-Ti, Se-B-V. Se-B-W. 
Se-B-Y, Se-B-Pb, Se-Cs-Si, Se-Cs-Ag, Se-Cs-aluminum, Se-Cs-Ba. Se-Cs-calcium, Se-Cs-Cd, Se-Cs- 
Co, Se-Cs-Cr, Se-Cs-Cu. Se-Cs-Mg. Se-Cs-Mn. Se-Cs-Mo. Se-Cs-nickel, Se-Cs-Pd, Se-Cs-Pt. Se-Cs- 
Ta, Se-Cs-Ti, Se-Cs-V, Se-Cs-W. Se-Cs-Y, Se-Cs-Pb, Se-Sn-Si, Se-Sn-Ag, Se-Sn-aluminum. Se-Sn-Ba, 
Se-Sn-calcium, Se-Sn-Cd, Se-Sn-Co, Se-Sn-Cr, Se-Sn-Cu, Se-Sn-Mg, Se-Sn-Mn, Se-Sn-Mo, Se-Sn- 
nickel, Se-Sn-Pd, Se-Sn-Pt, Se-Sn-Ta, Se-Sn-Ti, Se-Sn-V, Se-Sn-W, Se-Sn-Y, Se-Sn-Pb, Se-TI-Si, Se- 
Tl-Ag, Se-TI-aluminum, Se-TI-Ba, Se-TI-calcium, Se-Tl-Cd. Se-TI-Co. Se-TI-Cr, Se-TI-Cu, Se-TI-Mg. Se- 
Tl-Mn. Se-TI-Mo. Se-TI-nickel. Se-TI-Pd, Se-TI-Pt. Se-TI-Ta, Se-TI-Ti. Se-TI-V. Se-TI-W. Se-TI-Y, Se- 
Tl-Pb, Se-S-Si, Se-S-Ag, Se-S-aluminum, Se-S-Ba, Se-S-calcium, Se-S-Cd, Se-S-Co, Se-S-Cr, Se-S- 
Cu, Se-S-Mg, Se-S-Mn, Se-S-Mo, Se-S-nickel, Se-S-Pd, Se-S-Pt, Se-S-Ta, Se-S-Ti. Se-S-V. Se-S-W, 
Se-S-Y, Se-S-Pb, Se-germanium-Si, Se-germanium-Ag, Se-germanium-aluminum, Se-germanium-Ba, Se- 
germanium-calcium, Se-germanium-Cd, Se-germanium-Co, Se-germanium-Cr, Se-germanium-Cu, Se- 
germanium-Mg, Se-germanium-Mn, Se-germanium-Mo, Se-germanium-nickel, Se-germanium-Pd, Se- 
germanium-Pt, Se-germanium-Ta, Se-germanium-Ti, Se-germanium-V, Se-germanium-W, Se-germanium-Y, 
Se-germanium-Pb, Se-Fe-Si, Se-Fe-Ag, Se-Fe-aluminum, Se-Fe-Ba, Se-Fe-calcium, Se-Fe-Cd, Se-Fe- 
Co, Se-Fe-Cr, Se-Fe-Cu. Se-Fe-Mg. Se-Fe-Mn, Se-Fe-Mo, Se-Fe-nickel, Se-Fe-Pd, Se-Fe-Pt, Se-Fe-Ta, 
Se-Fe-Ti, Se-Fe-V, Se-Fe-W, Se-Fe-Y, Se-Fe-Pb, Se-Zn-Si, Se-Zn-Ag, Se-Zn-aluminum, Se-Zn-Ba, Se- 
Zn-calcium, Se-Zn-Cd, Se-Zn-Co, Se-Zn-Cr, Se-Zn-Cu, Se-Zn-Mg, Se-Zn-Mn, Se-Zn-Mo, Se-Zn-nickel, 
Se-Zn-Pd, Se-Zn-Pt, The same result was obtained even if changed into Se-Zn-Ta, Se-Zn-Ti, Se-Zn-V, 
Se-Zn-W, Se-Zn-Y, Se-Zn-Pb, etc. 

[0418] [Example 21] Drawing 7 shows the cross section of the disk-like information record medium only for 
playbacks with which information was minced in the concavo-convex bit on the surface of the substrate. 
[0419] It is only differing from the disk-like medium of an example 1, and other configurations have that, as 
for this disk-like medium, the bit is formed on the surface of a substrate, and the the same point using record 
film as the mask layer 13 and 13'. 

[0420] Namely, on the polycarbonate substrate 1 1 and 1 1 ' which have an information bit on a front face The 
protective layer 1 2 and 1 2' which consist of 80 (ZnS) (Si02) 20 film of about 1 25nm of thickness are formed, 
respectively. On a protective layer 1 2 and 1 2', in order The island-shape Ag2Te film of 3nm of average 
thickness (not shown), About 30nm of thickness (with 30 (Ag2Te) (Se80-Te20) 70 [13 ], i.e., the mask layer 
of a presentation of Ag20Te24Se56, and 13') thickness — about ~ 25 — nm ~ 80 (ZnS) (Si02) — 20 — 
the film — becoming — an interlayer — 14 — 14 — ' — thickness — 80 — nm — aluminum — 97 — Ti — 
three — the film — becoming — a reflecting layer — 15 — 15 — ' — respectively — forming — having — 
**** . A reflecting layer 15 and 15' are stuck by a vinyl chloride and the vinyl acetate system hot-melt- 
adhesive layer 16. Incidence of the laser beam for read-out is carried out from a substrate side. In the mask 
layer 1 3 and 1 3', high-melting component Ag2Te deposits with the same gestalt (refer to drawing 1 ) as an 
example 1 , and the residual element (thing equivalent to phase change component 3a in drawing 1 ) is (Se80- 
Te20). 

[0421] (Other examples of a high-melting component) As the mask layer 13 and a high-melting component 
which deposited in 1 3', what was stated in the examples 1 and 3 in addition to Ag2Te can be used. Formation 
of the island-shape Ag2Te film may be omitted. 

[0422] A part or all of Se80-Te20 that is residual elements other than a high-melting component Sn, Pb, Sb, 
Bi, Te, Zn, Cd, Se. In, Ga, S. TI, Mg, TI2Se. TISe, TI2Se3, TI3Te2, TITe, (Other examples of the residual 
element after a high-melting component deposit) InBi, In2Bi, TeBi, Tl-Se, Tl-Te, Pb-Sn, Bi-Sn, Se-Te, S-Se, 
Bi-Ga, Sn-Zn, Ga-Sn, Ga-In, and In3 ~ SeTe2, AgInTe2, GeSb4Te7, germanium2Sb2Te5, and GeSb2Te4 ~ 
GeB4Te7, GeBi2Te4, germanium3Bi2Te6, Sn2Sb6Se11. Sn2Sb2Se5, SnSb2Te4, and Pb2Sb6 — Tell, 
CuAsSe2, Cu3AsSe3, CuSbS2 and CuSbSe2, InSe, Sb2Se3, and Sb2Te3 — Bi2Te3, SnSb, FeTe, and Fe2 — 
Te3, FeTe2, ZnSb, Zn3Sb2, and VTe2 and V5 — the ingredient which uses at least 1 person of Te8, Agln2, 
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' BtSe, InSb, In2Te, and In2Te5 as a principal component — Or a near property is acquired even if it replaces 
with the ingredient of the presentation near it. 

[0423] This residual element has desirable metal, compound, or alloy whose melting point is below 650- 
degreeC. 

[0424] Moreover, in a super resolution readout, if the thickness of each class is changed, contrary to drawing 
14 , the mask only of the fields other than the slash section in an optical spot can also be carried out. 
[0425] When the melting point of a residual element is below 250-degreeC, if the melting point of a high- 
melting component is more than 450-degreeC, the property near this will be acquired. 

[0426] light — a spot — 31 — a diameter — about — 25 — % — die length — record — a mark — forming 

— having — ***♦ — a case — a laser beam — an exposure — order — it can set — a mask — a layer — 
13 — 13 — ' — an extinction coefficient — k — variation — ** — k — ' — changing — if — 105 — a time 

— having read — the back — a regenerative signal — C/N — as follows — having changed . 
[0427] 

C/N **k- of the regenerative signal after 105 times read-out 5% 37dB **k-10% 42dB **k'=20% 46dB 

**k -30% 48dB was understood that the range of 20%<=**k' is more desirable than this result. 

[0428] When the melting point (m. p.) of the residual element after a deposit of a high-melting component 

changed, C/N of the regenerative signal after reading 105 times changed as follows. 

[0429] 

C/Nm.p.=100 degreeC of the regenerative signal after 105 times read-out 49dBm.p.=250-degreeC 
48dBm.p.=400-degreeC 47dBm.p.=650-degreeC 46dBm.p.=700-degreeC 40dBm.p.=750-degreeC It turned out 
that below 650-degreeC of the melting point of the residual element after a high-melting component deposit 
is desirable, and below 250-degreeC is more more desirable than this result 33dB. 

[0430] [Example 22] Drawing 9 is an example of an information record medium which enabled it to use the 
"super resolution effectiveness" at the time of informational playback by preparing the mask layer same to 
the information record medium of the phase change mold of an example 1 as an example 4. 
[0431] This disk-like medium has the same configuration as the information record medium of an example 1, 
except that the configurations of record film differ, namely, — an example — one — being the same — a 
polycarbonate — a substrate — one — one — ' — a top — 80 (ZnS) (Si02) — 20 — the film — becoming - 

— a protective layer — two — two — ' — respectively — forming — having — a protective layer — two — 
two — ' — a top — **** — order — record film — three — three — ' — 80 (ZnS) (Si02) — 20 — the film 

— becoming — an interlayer — four — four — ' — aluminum — 97 — Ti — three — the film — becoming - 

— a reflecting layer — five — five — ' — respectively — forming — having — **** . A reflecting layer 5 and 
5' are stuck by the adhesives layer 6. 

[0432] record flim 3' — substrate 1' — it consists of the mask layers, dielectric layers, and recording layers 
which have been arranged sequentially from a side. Record film 3 is also the same configuration as record film 
3'. 

[0433] A mask layer is the same as an example 21 (it has the presentation of 30 (Se80-Te20) 7056, i.e., 
Ag20Te24Se, and has the same mask function as an example 21.). (Ag2Te) The dielectric layer is formed with 
80 (ZnS) (Si02) 20 film. As a recording layer, the recording layer of the phase change mold of arbitration 
besides the same thing as the record film 3 of an example 1 and 3' can be used. 

[0434] When a record mark with a die length of 0.4 micrometers was formed in a cycle of 0.8 micrometer, 
C/N of the acquired regenerative signal was 46dB or more, and the elimination ratio was 25dB or more. 
[0435] This mask layer has the same effectiveness also in the information record medium according record to 
record principles other than a **** information record medium and phase changes, such as a magneto-optic 
disk, by the conventional phase changes other than the thin film for information record of this invention. 
[0436] About the point which has not been stated in this example, it is the same as that of an example 1. 
[0437] [Example 23] The disk-like information record medium of this example is the configuration almost 
same although not illustrated as having been shown in drawing 3 of an example 1 , is replaced with the 
aluminum-TI reflecting layer 1 of an example 1, and 1', and it differs in that the layer containing record film 3 
and a high-melting component like 3' is used as a reflecting layer. 

[0438] About the high-melting component in a reflecting layer, it is the same as that of an example 1 . 
[0439] About the residual element after the high-melting component in a reflecting layer deposits, the metal, 
compound, or alloy whose melting point is below 650-degreeC is desirable, and it is desirable that the real 
part n or imaginary part (extinction coefficient) k of complex index of refraction changes with the exposures 
of a laser beam 20% or more, and a reflection factor R becomes [ real part n and imaginary part k ] 60% or 
more when high. 

[0440] As a reflecting layer, when 70 layer of 30(LaBi) Bi(s) of 80nm of thickness are used, the super 
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resolution effectiveness at the time of read-out is acquired, and it is die length of 0.4 micrometers. When a 
record mark was written in a cycle of 0.8 micrometer, C/N of the acquired regenerative signal was 46dB or 
more, and the elimination ratio was 25dB or more. In addition, in 70 layer of 30(LaBi) Bi(s), a high-melting 
component is LaBi and a phase change component is Bi. 

[0441] The principle from which the super resolution effectiveness is acquired is as follows. As shown in 
drawing 8 , in order [ in a reflecting layer ] for the phase change component Bi to dissolve at least and for 
either [ at least ] the real part n of complex index of refraction or the imaginary part k to fall, in the elevated- 
temperature field 35 in the optical spot 31, the reflected light in the range 33 committed as a mask of drawing 
8 becomes weak. It becomes impossible for this reason, for the reflected light from the range 33 to offer 
sufficient contrast for reading to record film. 

[0442] On the other hand, in the low-temperature field of the crystallized solid state, since either [ at least ] 
the real part n of complex index of refraction or the imaginary part k is large compared with an elevated- 
temperature field, sufficient contrast for reading can be offered. 

[0443] Consequently, the detection range 34 becomes crescent shape like drawing 8 , and becomes possible 
[ reading certainly the record mark 32 by which high density record was carried out with the period below the 
diameter of the optical spot 31 ]. 

[0444] If the thickness of each class is changed, the magnitude of the detection range 34 is also changeable. 
[0445] A part or all of Bi that is the residual elements of the high-melting component LaBi Sn, Pb, Sb, Te, Zn, 
Cd, Se, In, Ga, S, Tl, Mg, TI2Se, TISe, TI2Se3, TI3Te2, TITe, InBi. In2Bi, TeBi, (Other examples of a residual 
element) Tl-Se, Tl-Te, Pb-Sn, Bi-Sn, Se-Te, S-Se, Bi-Ga, Sn-Zn, Ga-Sn, Ga-In, and In3 ~ SeTe2, AgInTe2, 
GeSb4Te7, germanium2Sb2Te5, GeSb2Te4, and GeBi4Te7 — GeBi2Te4, germanium3Bi2Te6, Sn2Sb6Se11, 
Sn2Sb2Se5, SnSb2Te4, and Pb2Sb6 ~ Tell, CuAsSe2, Cu3AsSe3. CuSbS2 and CuSbSe2, InSe, Sb2Se3. 
Sb2Te3. and Bi2Te3 ~ SnSb. FeTe. and Fe2 ~ Te3. FeTe2, ZnSb, Zn3Sb2, and VTe2 and V5 ~ a near 
property is acquired even if it replaces at least one of Te8, Agln2, BiSe, InSb, In2Te, In2Te5, etc. with the 
ingredient used as a principal component. 

[0446] When the melting point of a residual element is below 350-degreeO, if the melting point of a high- 
melting compound is more than 450-degreeC, a property near in the aforementioned case will be acquired. 
[0447] (in addition to this) The reflecting layer of this example is applicable also to the optical recording 
medium which records by the conventional phase change which does not use the thin film for record of this 
invention, and the medium by other record principles, such as a magneto-optic-recording medium. 
[0448] About the matter which has not been described here, it is the same as that of an example 1. 
[0449] 

[Effect of the Invention] As explained above, according to the thin film for information record and information 
record medium of this invention, it becomes rewritable [ many times ] from the former, holding good record 
and reproducing characteristics. 

[0450] According to the manufacture approach of the thin film for information record this invention, the thin 
film for information record and information record medium of this invention are obtained easily. 
[0451] As explained abov€. according to this invention, many super resolution read-out is possible, and a 
super resolution read-out property can obtain the good thin film for super resolution read-out, an information 
record medium, and super resolution read-out equipment. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] With the fragmentary sectional view of the thin film for record of the example of the information 
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-record medium of this invention, as for (a), a porous high-melting component shows [ as for that in which the 
granular high-melting component deposited, and (b) ] what deposited, as for that in which the high-melting 
column-like component deposited, and (c). 

[Drawing 2] With the fragmentary sectional view of the example of the information record medium of this 
invention, the sectional view where (a) met D-D line of (b), and (b) are the fragmentary sectional views of 
that information record medium. 

[Drawing 3] It is the whole example sectional view of the information record medium of this invention. 
[Drawing 4] With the fragmentary sectional view explaining the measuring method of the dimension of the 
high-melting component which deposited in the thin film for record, (a) shows a granular high-melting 
component and (b) and (c) show the high-melting column-like component. 

[Drawing 5] It Is the same fragmentary sectional view as drawing 2 (a) showing the example of the information 
record medium of this invention. 

[Drawing 6] It is the triangular phase diagram of the example of the recording layer of the thin film for 
information record of this invention. 

[Drawing 7] They are other whole example sectional views of the information record medium of this invention. 

[Drawing 8] It is drawing for explaining the principle of the super resolution effectiveness. 

[Drawing 9] It is the whole example sectional view of further others of the information record medium of this 

invention. 

[Drawing 10] It is the triangular phase diagram of the example 4 of the recording layer of the thin film for 
information record of this invention. 

[Drawing 11] It is the triangular phase diagram of the example 5 of the recording layer of the thin film for 
information record of this invention. 

[Drawing 12] Drawing showing an example of the cross-section structure of the super resolution read-out 
disk by this invention. 

[Drawing 13] Drawing showing the thickness of the super resolution read-out film, and the relation of a 
reflection factor. 

[Drawing 14] The block diagram of super resolution read-out equipment. 
[Description of Notations] 

1 1 ' [ — Phase change component, ] — A substrate, 2, 2' — A protective layer, 3, 3' — Record film, 3a 3b 
[ — Adhesives layer, ] — A high-melting component, 4, 4' — An interlayer, 5, 5' — A reflecting layer, 6 a 1 1 
and 11' — substrate, and 12 and 12 — protective layer, and '13, 13' — interlayer, and — record film, 14, and 
14 '15, 15' — a reflecting layer, 16 — adhesives layers, 32a, a 32b — record mark, and 33 — the range 
committed as a mask, 34 — detection range, and 35 — elevated-temperature field. 
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B, C, N, O, S, Se, Si, Te, Ag, Al, 
Au, Ba, Be, Ca. Cd. Co. Cr, Cs, C 
20 u, Fe, Ge, Hf, Hg, Ir, K, Li. Mg, 
Mn, Mo. Na, Nb, Ni, Os, Pd, Pt. R 
b, Re, Rh, Ru, Sb, Sc. Sr, Ta, T 
i, V, W, Y, Z r J;t)^5S¥<t!PjS{5tvfc->^j:< t 
t>lo(07U^. BirfEFf±HiIiSDS.t;fStrBEET'^^tb5iJJl 

^fi:ttv^■ri^'bM^^^•— iri' hT, ^tt^'tvs 0 ^ e ^ 

95, 5Sfg50. o'g g ^ 2 0<7?|5ffl(cfo5r irSr 

LjHk (6) . 

CDStT'S L/tBt. 20^k/(j+k) ^40 (7) 

50 wt-r^'^m&m.mWo 
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(6) 

9 

um^ 6 6 ] If jjtri 5 5 \cmm ^ titcmmm-M^m l 

t^n, 0. S^x/T^O. 5 

( J [ft*^i 6 9 ] If 5 5 iciBStro^^?^sg;z^t±i \^mm 

[i»*^a7o] m^±.\^mMi^tLi-i-umm^ik\.x^yiiiL 
^jg^^tt- ioT^f ^sria^ • n^-r^^m.^mnm\^ 

\-mmmi^^itm:ffm^ii\'^x \^—^it^m t> uhs 
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10 

■~-^%^mM\^xRi!i%^w.mir^^^y Yt^m^L^ 
# $ tcis CT i^— -^fg^i-t-'S^^^^-r s r t 

%^M\.xRm%i:^ti\-r^%-^y Yk^mTL^mm 

O. 4a./NAgvTgl. SA-ZNA (9) 

(1 0) 

mm\:.\^^^xmmi:t^m • M-rsitM^fflM^o 

Mit*-j£T'fcoT, la^iHS/cf^jg)^ 

m^m^x<>x^ni:^m • s^-rsit^is^ffiiKft:© 

ictfiiE^fi5o^^fi5o:6^^5xmi:4'rpia. ^mm^^^ 
-r^umt. z.irncm<Dmm-^tci-±mm{^\^xmm^m 

W L fc S I J £^ ^ I£ t) -a- -It S X^ <!: ^1 X. T S r 
^U^-fbfc: <t o Tit #<^fE^4 (iS^-rs if $RI5^ffl^ 
i:, 'fF^S^ R:it®SrBRfei-5xm,!:. ;itt»cJ5iJ(^S*R 

^ti\-3:mm\z\^xm^5.^m^m^hfim<omm'&fi^r) -B- 
ib^^x.m:mK.xi,:it^ii^mt-r^mm^mmmi^ 

[0 0 0 1] 
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[0 0 0 2] 

mLmmii^nhi\.^t\^owm-kn-:>. ces 

b T e I n S b T e ^(TJfS^lit^tt. if 
[0 0 0 31 :i<Da(73|E^fl^T-{±, t°->h7Kv? 

^^•C^4l 0*|Hl^jlSx5#3S:lelo*#mx:<SrtT'fe5 i:, 20 

[0 004] m7L\S.. #P¥4 - 2 2 8 1 2 7 -i-^^^fC 

75SF^:^$ft, T. Ohta et al. "Optical Data Str 

age'" 89 Proc. SPIE. 1078, 27 (1989) lE^ilS: 

[0 0 0 5] V!kiSkm^-^'^Pm^-^J:ifi:FM^mi.tcT 

r?BPl^NAT-^*l9, IS^-v— ^?;^SB2NA/A*Sig^^f- 
[0 0 0 61 mumm&\t(Dfc^(o^mt lt^. 
{t\^i.^R^miim{t^^mw-^m\'^xmesx^m^i^ 

fz.T'—'? ^W±ir^^fki)mm^^ - 2 9 2 6 3 2-^<ii 

5p5 - 7 3 9 6 1 -§-<i>$St-f2tS$ttTU^'5„ 

10 0 0 7] ;*:B^I1B»-C'(4. /SB^-^^^B^Ffg^^ta 

E^<btf*>?)-C/j;< . Sift? (SSffi'^<o^fb) irW^H^e-fb. 50 
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[0 0 0 8] 

[0 0 0 9] -^rZl-e, rCD%B^(DSfl<){4. t^cIE^ • 

[0 0 10] #^¥3-2 9 2 6 3 2-^^^{c:f5 

^ro;&-fe{4, SbaSes |^$rfflV^, fgJ^^ffiL^O^^ 

V\ f£if(DX^.t^^^o *fc, #M¥5 - 7 3 9 6 1 

d^tt-b^^Ky ^■^^>rX^lr/J^$<-r5o riZ)ii^*:T'tt. it 

M.i!>my>^mm^^i'm^m\<^xii^ . i^mi)m\'^±^. 

.100 11] ^:ix\ :L<Dmm(Dm<Dni^ii-i. -hiaUTfe: 
^ a j/lt^^t-i-^, S^lt^^lOT^-iJ' . 7 r i*' 5 y 

[0 0 12] 

(1) ^(D^m<Dmi(Dmm.^mmmm<,%. mm±.\^m. 

SbxTeyApBqCr (1) 

X-mib^ti. tfr!SA«G e*JJ:t>' I n;0^fe/^a||l 

Ktc^ (La, Ce, Pr, Nd, Pm, Sm, Eu. 
Gd. Tb, Dy, Ho, Er, Tm, Yb*5j;t)«L 
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u) *5j:0«Ag, Ba, Co, Cr, Ni. Pt, S 

j, St, Au, Cd, Cu, Li, Mo, Mn, Z 
n, Al, Fe, Pb, Na, Cs, Ga, Pd, B 
i, Sn, T i iSXUVA^hfj::hm2mA^hmi-£nfz<P 
i-J:< tii-"0<D5i.m. MiaCfiSb, Te*5j;T>miSA 

^^t>U StrlEx, y. p. <its^xj^T<Dmtm^-rti 

fcm^^-?-- ht?, ^tbm2^x^4 1. 2 5^y 
^75. 0. l^pSeO, 3gq^40. 0. l^r 

[0013] {2) :z(D^m(om2<Dmm.fimmmm 

SbxTeyApBq (2) 

X-mi^^tl. wimAi-tG eioXXIl n*^hfj:?)mim^^ 

KTC^iSiU'Ag. Ba, Co, Cr, Ni, Pt, S 
i, Sr, Au, Cd, Cu, Li, Mo, Mn, Z 

n, Al, Fe, Pb, Na, Cs, Ga, Pd, B 

i, Sn, T i^XUV^^(b^J:^m2mA^hmittlt^Ci^ 

(DmiLm^-rtihm^y<~-±^^ hx\ ^iv^ti2Sy.^ 

41, 25^y^75, 0. l^p^60, 3^q^4 

10 0 141 rtutt, trisM 1 <DmmM&s§(mnm<DWi^ 

[0015] (.3) :i(DmM<Dm3<Dmn.timmmjm 
tt. &Wi±^zm.m^•^^^i^mm^1^t■vxM^il^^il^ltc. ^ 

-:>xmm^fs,m • w^-r^fnmts.mmmm{^ts\,^x^ *fr 

SbxTeyBqCr (3) 
T-^t3$tt, mmBi-i.v>f K7G^*5it^Ag, B 

a, Co, Cr, Ni, Pt, Si, Sr, Au, C 
d, Cu, Li, Mo, Mn, Zn, Al, Fe, P 

b, Na, Cs, Ga, Pd, Bi, Sn, TiioXXJ^ 
Vib^^f£^mi!>>^mtii^tc:pfj:< tiy—:)<D7tm. MIS 
CfiSb, T e joJ;t/Birl5BT'^;b$ttS7C^W^I-<^iJ'^ 
'fe< i t)— ocD7C^^^t>L. tfllSx, y, e*3j:l>*f 

(Dmmt^^-rtih}^-.^y<~±i^ hx\ ^ix^n2^ x ^ 

41, 25^y^75, 3^qS40, 0. l^r^3 

[0 0 16] wiUf^\(Dmm.ummnm<Dmm 

A T' * *3 $ 5 7C ^ ^ 1^ V ^ t (7? ( C t@ ^ -r 5 o 

[00 17] (4) ^(D^m(Dm4.(Dmm.m^mmm: 



(8) m^W- 7-223372 

SbxTeyBq (4) 

T'^^^^tL, BiIiEB(19>^y-Y K7C^*5j:t>*Ag, B 

a, Co, Cr, Ni. Pt, Si, Sr, Au, C 
d, Cu, Li, Mo, Mn, Zn, Al, Fe, P 

b, Na, Cs, Ga, Pd, Bi, S n. T i *5j:t;« 

L. StflEx, yfc'it/eOmem^-ftLfcM^^-?— fe:/ 
h X\ 2^x^41, 25gy^75, 3Sq 

10 ^4 0CDi5ll{cfc5rti^i|^m<ti-5o 

[0018] rtbJi. WiUm 1 <^if ^fS^ffl?$^coMIB 
A*5 J; C -C^ip ^ ix5 Tc^^Srlfei/ ^fcb (7) (c^fa ^-r 5 o 

[0 0 19] (5) :L(D^m<Dmmfs.mmmmi-i. 
±i^\m±±{mmm^^vxM^^i^ti. ^:^-^fv^~- 

(GeaSbbTec) i-dXd (5) 
•C-*t3$tt, ^fBXiaC rJoit/Ag, Ba, Co, N 
20 i, Pt, Si, Sr, Au, Cd, Cu, Li, M 
o, Mn, Zn, Al, Fe, Pb, Na, Cs, G 
a, Pd, Bi, Sn, Ti, V, I n *5 it)^^ 7 

a, b, c*3j:U«d/5^ -etV-etbO. 0 2^a^0. 1 
9, 0. 04^b^0. 4, 0. SScSO. 75, 

0. 03^d^0. 3, <0$£ffl»J:fc5r i:?S:1#mi:-t" 

[0 0 2 0] (6) r(^^BJ<OltM^^^liI«. 

(G ea S bbT ec) 1-dXd (5) 
T-^t3$tt, BtllSXfiC r*3j;t)«Ag, Ba, Co, N 

1, Pt, Si, Sr, Au, Cd, Cu, Li, M 
o, Mn, Zn, Al, Fe, Pb, Na, Cs, G 
a, Pd, Bi, Sn, Ti, V, I n *3 J;U«7 / 

ISa, b, cioJ;t/ddS. -tnWO. 25^a^0. 
40 65, OSb^O. 2, 0. 35gc^0. 75, 0. 
0 3^dS0. Z(0%m^-h^^t^W^t-^^. 
[0 0 2 1 ] (7) Bul21~6©l^-ftU7i^C|Etfe<73tt$ft 

IEMjiil^{-*j^^-r. HfI!^B*fcfix;O^BMif:::^^p]^c*Jv^ 

[0022] (8)BtiEl~6 ©U^-rir;6»lriSife(7)tf $g 

IS^ffl^BI^c^oV^T. '5t@M6<)^c:i!!i 
tff ffi#5 Jfiia B * (± HU IE X T'S i:? ^ ^ ^ 5t;^ ^ ^ A/ T' 
50 [0 0 2 3] (9) HfIfE2, 5 *5 J:t;5 6 Wl/->-m7mc:|E 
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15 

Mmi^^mm.mm^w-i^mm i ~ i o n mwisfflT-#?5E 

[0 0 2 4] (10)MfB2, 5*3±t/6<^t^-fH;i>ir 

(Dmf&yLm(D±m^^ff:>^Qii^n lt i o ~ 5 o %<Dmm 

10 0 2 5] (ll)B(li52. 5*3j;05 6<DV^-rtt*^lr 
[0 0 2 6] (1 2) BU1E2, 5*5J;t/6 05^^■fi^^»^- 

LjHk (6) 

O^T^b;^^, 2 O^k/ ( j +K) ^4 0 (7) 
ttBtIIE^-e^S5fiI± 1 OJ!l^%<Oi!£0iP*g{-feSr i<Sr 
[0 0 2 7] (13)BtllE2, 5#5j;t/6©l/^-ftt;6^tC 

S3 15 , nm.M.iiSL^(om^^i)^ 7 s o • c ij;±.T?fo 5 ^ t «r 

10 0 2 8] (14)fl{il22, 5*5J:T>*6<7)^^-ftUd^tC 
[0 0 2 9] (15)SiflB2, 5*5j;t/6 0V>-m/?!^(C 
10 0 3 0] (I6)mll22, 5i6Xt^6(D\i^-ftlMC 

[0 0 3 1] (1 7) H(IfH2. 5^5J;t/6CD^/^■r^^A>^C 



(9) #P5p:7- 2 2 3 3 7 2 

0;S$;&S5 nmW±t?> ^^^MrofllJ^iD (1/2) W 
[0 0 3 2] (18)MIS2. 5*3j;t;5 6<^l,N-ftu*^;i 

10 h'tcomm:^\^\c^m^mxjf-x^y) . isx\h^(omm:^n 

[0 0 3 3] (1 9) tfll22, 5ioJ:t>*6 0V^-ftl.7i^l- 
tCg£^;5S jS5 1, ^ g!t.^;^^;5. § ^jf ffiife ^Sr-^ A>X- 

[00 34] (20)tifl52, 5*5j:t;«6 0V^-rtl.*^c: 

j^wM*^. m%mm<omM:^\^x'^Mmmm<om<Dm 

[00 3 5] (21)MIS2, 5 j3j:tJ'6<7)l^-ftl-*»(c: 
ffi^fS^lcSt^d^ V b ^<e S #7L«cotlf Wife/ 

50 [003 6] {22)Sfrf32. 5 *5 J;!;? 6 «ov^Tti<;i»{c: 

[0 0 3 7] (23)tfj|22. 5 J; 6 OV^-f^ii^c: 

[0 0 3 8] (24)Htrl52. 5 *5 J: 0*6 OV>-ftld»{C 

*J (9 . ^WMmmii^^(Dm^^fl^ 2 5 0' CiUTT-foS 
[0 0 3 9] (25)flfrl22. 5 *5 J; t>' 6 COV^-f 

50 . i^nmz.m^^*m\'^mm.M.iiSL^f)-hf£^^\^«^^^h^x 
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[0 0 4 0] {2 6) mm±i^m.m^fci^^mm^^L 
m'f-mmmw^^'ox^m^is.m • w±ir?,mmfd.mm 

[0041] (27)HfrlH26 t:i|B«(^if ^Mffl^Eil 
I^T-Oft:«C^Tf-i£dS 5 n m}ik±. 5 0 n mfilT-^foS CI 
[0042] (28)stfH26 ('lEtt<Oft®i2^ffl5f il 

m(DmM:)j\^<0-& ^ 5 n mi^JUnT*. Sl^^fllOfilff <^ 
(1/2) OT-Cfc5ri:Sr#SS[i:-t-5. 
[0 0 4 3] (2 9) BtrlB2 6{::fE«(Dlf^fS^ffl»lli 

<D^m-h^h^<Dmmiim^mk^^i&xf-xii^ . mmx^ 

[0 044] (3 0) BfrfS2 6{CfS«<75lt«IB®ffl^|g 

1 0 n m£i±-e. ^^^i^(oi^ffeiT-e*>5 i: Sr#efc 

[0 04 5] (31) ttris 2 6 \cwM<Dmmimmmm: 
[0 0 4 6] (3 2) s^g±^c^l:^*yclfl^*lis^;^^L 

[0 0 4 7] (33) bUIS 3 2 {C|E«t<Ott$SMffl^fl^ 
M<73|iI®;^|n]T-«73ft:<crt^fed5 8 0 n mJiJ^TT'fo <? . 

[0 0 4 8] (3 4) mJ!B2 6^7tfi3 2tc:|S$fe(^tW^ 
IB^ffi«(-t3V^T, ^^Mfl^oa;5g^<^SIl^.;65 6 5 0 

[0 0 4 9] (3 5) B&fSS 2*;t{i3 2(C|B4feCDlWa 



(10) #B32p7_2 2 3 3 7 2 

° cyj.Tx-h^^t^w^t-r^. 

[0 0 5 0] (.3 Q) mU2 G-^ti^-iS 2(D\,-^-Ttht^\Z. 

uwL(ommMmmnm',z.^\'^x . ^tmm(oimmw 

[0 0 5 1] (3 7) #frla2 6*yt{4 3 2<iDV>-fttJ5»ti:i 

1 0~5 0%cD|Sffllc:fc5r irSrittmifSo 

[0 0 5 2] (38) BuiS 2 6 ^:fcf* 3 2 co^^-r'^^;i»^- 

LjHk (6) 

<D^X^\.tz.m. 2 0^kX (j+K) S4 0 (7) 

[0 0 5 3] (3 9) h1IIB2 6 ^/cii 3 2 0^^-r^^3i*{C 
[00 54] (4 0) B&f5 2 6 *7tfi3 2 0V^-rix;i^l- 

i: mmmm(Dm^^<Dm^ t (omi^ 1 5 o* c sx±x'ib 

[0 0 5 5] (41)Sfrf52, 5*5j;T>'6(^V^-f;ad^tC 

mm(Dmmummmm\^ts^^x . mf^mjm(Dmj^j^x 9 

*Jt), mrlEB^fc(±MIBXT-^fc>^nS7C3gdSMo*3J; 
0«Si, Pt, Co, Mn, WT*fo5:ii:*SSf*U<, 
C r -CfeSw LV\ 

[0 0 5 6] (4 2) s*5Jit-ii:^*;^citt^ii«^^L 

^i.xmm^jf^^i-^T.mt. Miamj^tccn^yudf-f 

40 ^^'^^jimt^mx.xi-j:^:Lt^!^mt-r^. 
[0 0 5 7] (4 3) mm±i^mm^tii^^mm^:fi-\^ 

XMfi^^intc. :^:^^ji^^—tf—M.(DmM^§:i-yx^]^i> 

m'f-mmmm^X'Dxmm^^m. • w^-r?>mWimmm 
mfm(Dm'it:ijmc^\>^x. ^m±imm±tin^mmi: 
^ i.xmmM^'Dmh?>^^i-iMmM^<Dm.fi^izi5: 

\^^mi&^n-^m^^m^^xm'^(Dm'^^B^mfi^-t^ 
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[0 0 5 8] HiIISft4^0ffi)i§^B^?F^fi5c;-t-5/c*CDfll<^¥ 
nmW-n. InmUi-hx 1 0 nmiy,T/S5$f*UV\ In 
m^mX'-h^t iftM^^^^fife* $-yr^^;^:iM^$ < , 

[0 0 5 9] ^<o:fsmx^\i. ^mMsfi^i^yi^msmmn 
[0 0 6 0] giism 1 *5 i t/m 2 cDmm.t^mmmm(Dm 

10 0 6 1] :^/'^s' 9 V '^^(om-t. IS^ffi^M<^mfi£ 
h{cJ:5lHllsl^B#;:^/-?-;/i?^-T?fi, iSli^^5><oWttiSr 

[0 0 6 2] (4 4) mm±imm^t^i-im^mt::fr\. 20 

mmmm<Dmj^:^mi^^^^x. mm±\m^^tzi±i^m 
m^^\^xmmm^tisimi^^^xy)^?>m(om]$,i^ 

^x^^t^Of^w^t-rzo 

[0 0 6 3] (4 5) mf|21~6, 2 6 joiU* 3 2 C7)^^ 

[0 064] (46)frf21~6. 2 6 i3 3 2 OV> 30 

[0 0 6 5] (4 7) B(ISS1~6, 2 6 i 3 2 

[0 06 6] (48) mts.Mmi^}^^<ovTmm(DmmB. 

m^a^m^a^G 5 0' CmTT'fc?). HftlEl~6, 26 
[00 6 7] (4 9) BilBEl~6, 2 6 *3 J:t/ 3 2 <73V^ 

gEtii Lffiosit^i \^xmxfz.mmsmmw^^^\'^x. 
mum.is^mo:>Ki[i^ii^ 6 0 %ui JtT-fo 5 r t t -r 

[0 0 6 8] (5 0) 
T?F^^ ^ nfc . i^>/uds^- f - -fc. O BB.tt It T ^ C S 

^^f^^fC^oV^T, HtllHl~6. 2 6ioJ;tJ«3 2CDV^-ftt 



i|^ggsp7 - 2 2 3 3 7 2 

20 

ffliD-^^j^gt uTffi^, ^o^osttiifiiif- s i 02 mt 
w.mmm\ic z n s - s i 02 s<d 2mmT&(D^mM^m 

[006 9] (51) mm±i^mmt. t^i-iunm u 
xi^jiSL-^ivti. =^:^jvie-\f~-M><omki^^vix^\:,^ 

^j!K^^^c^3v^T. m^±.\zm.m-^tz.\twMm^'k\.xw^ 

;t, ;0^oS i-Sn, Si-Ge. Si-I njt^^^ff) 
'>tS:< <t t 10, *y^:ttrtu^Ciav^M^T♦fo5Stt^^ 

[0 0 7 0] (5 2) s^£±^;l^i:^^fc{i^S:M^^u 
ilT-ia«<bti J: o Tit ^^IB®* /cfiM-r 5lt$ftlB 

ia^iJ^-fbf- J: o T 1W#SrfE^*:^J*S^-r5) m^ISM 
X. y5^oS:ltS(75Mi55, 1 5 0 nmeJL±3 0 0 nmiJJL 
[00 7 1] (53) b 
m^iB^U^f bJd J; o Tit ^ ^lEIlt* ^cfiWfet- 5 It^lE 

^^ft:^cj3^^T. miiR}L\-m.m-^t:i\^^mm^^\^xm 
la^ij^^ b i o r ft # ^iB^* fc {is^i- 5 iw^iBffi^ffl 

;6>o^Aft{|iJ t S i 02 ® i: ISHU^iBlUr Z n S - S 

•So 

[0 0 7 2] (5 4) {^M 2jo±0«4'raS4<73;M"!iSt 
(i, ZnS-Si02. S i-N^W*Jf, S i -O-N 
^t^iN-, S i O2. S i O. Ta205, T i O2. AI2 
03, Y2O3, C e O, La203, In203, G e O, 
Ge02, PbO, SnO. Sn02, Bi203, TeO 
2WO2. WO3, Sc203, Z r Ozts^t'comt^, Ta 
N, A 1 N, Si3N4, A \ - S i -NmU^ (.M^{-£ 
A 1 S i N2) ^j:}{(DUit^. ZnS, Sb2S3, Cd 
S, In2S3, Ga2S3, GeS, SnS2, PbS. 
B i 2 S3. . i^^ifCOM-fb^^s SnSe2. Sb2Se3, C 
dSe, ZnSe, In2Se3, Ga2Se3, GeS 
e, GeSe2, SnSe, PbSe, Bi2Se3^^if 
CO-kUV-fb#J> CeF3, MgF2, C a F 2 ^J: t' (D^it 
4^. Ge. TiB2, B4 C. B, C, ^ 

\,\ afc, ^tih(om^'^un<om-^^nh<D^mmx'ii 

[0 0 7 3] ^Mm<Dm'^. Z n S ^ 7 0 ^>'l'%iJJlJL"^ 
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tfttiN-, ■fiWJx.ffZ n S-S i Oz Si, G e CO 5 *> 

:L(Dm^. isM^ffiT^^isscycfe. zn 
s-s i 02iro:^^iB^gifiijicis:tt. ^oif:$5r3n 

miiA±ti--5„ Syt. S i 02eco{g;W35«mt-<t5 
f5lil^?!fL»JWm*?:lg#^ii:5:^fet-s ff^l Onm 

^112(7)^^^5 i: LT(±S i 02;i<D/¥$;45 5 0 n ml^A 
±2 5 0 nmiiXTAm^ 4^Ps1)i<7?f-^:b "9 2 gfll 

SraSlitS^-a-Ji, S i 02SOl^Ji:{4l 0 nmJiJl±8 0 

2|s:^?^<Z)|3^Si:I^SrfflV^S4&'g•fcttt?^4/.C< , mo^ggg-fb 

[0 0 7 4] 4^fB^ji4CO®JffW 1. 7iiA±. 2. 3iy. 
TOfSiatCfcS^-a-. 3 nmlJl±. 1 0 0 n 

Tv *5J;0^1 8 0 nmiy.±. 4 0 0 nmiy.T>6^^f* b 

10 0 7 5] 5 C5;<^i|S|-i b-Ctt, A 1 -T i , S 

[0 0 7 61 J5cv^-e. S i -S nSfcf:iS i - I ntSi"^ 

[0 0 7 71 $6)tc:. Si, Ge, C, Au, Ag, C 

u, Al, Ni, Fe, Co, Cr, Ti, Pd, P 

t, W, Ta, Mo, SbWTC^^f^. t-fcYt^fx^hi: 

[0 0 7 81 :L<Dmmmxi,-i.. ^m^wM. h^-y^-^ 

tL{mm.\\^-»7:^fiil£^m^^X^i^\i\ 
[0 0 7 91 ttir^^4, Rtte 5*3 ±05^8:1$^ 2 O-SB 

^il3. Wl/IS^)il3/4'PB'5ii4. 
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[00 8 01 iJiJiat-^fc J: o ^o^iSM<^tf«[fB^ 

[0 0 8 1 1 (5 5) Lffl yf-i^o^w^^ 

[0 0 8 21 (5 6) 1=S^{b^:JJ-± iJti^PfMJCgi^/iS;^ 

. [0 0 8 31 (5 7) Siii?^S!;^^|±ibffl^)!l(0¥*ilMfiK 

[0 0 8 41 DeEf Fg (8) 
Z Z X\ SftlEE {i Sn. Pb, Bi, Zn, Ga, In 
i)^hmitti1t{i>ti:< thl o05c^. MIEEttA s . 
20 B, C, N, O, S, Se, Si, Te, Ag, Al, 
Au, Ba, Be, Ca, C d , Co, Cr, Cs, C 
u, Fe, Ge, Hf, Hg, Ir, K, Li. Mg, 
Mn, Mo, Na, Nb, Ni, Os, Pd. Pt, R 
b. Re, Rh, Ru, Sb, Sc, Sr. Ta, T 
i. V, W. Y, Z T Xr>^^mX*)mt-Sitl1iiCi^f3:< t 
hlr><D7tm^mi<. StrlEF«MiaDS.t)«ttll2ET-*^? 

1. Br, CI, F, H, I, P^ir-rsr <b;dST*# 

5o ffJlBe, f S:t>'g(75WS^:fi^^-rttfcJ®^^^^°- 
5^? ±>hX. -ttu^'tb 3 0 ^ e S 9 5 . 5 ^ f g 5 0 . 0 
SgS2 OOlSfflfdfcSrtdS^^ UV\ ^hiC. 4 0 
ge^87, 13^fg40, 0 ^ g S 1 0 (^fflSISf^lfe 

[0 0 8 51 mlSHFT'^^nSTC^fi. •^y;tf^. ttjfSD 
^^t>'E-e^$tl57C^;55^t^^*ixS n;2§lT>*T e X'hn 

D. D' (^i2D;i^±fES n, Zn(7)J;9Jc:D, D' 2 
5c3gCO#-g-) . E, FOijia^-ti:^C*3^^-C, D-E. E- 
F. D' -EOM-g-a:*»&-e^5ii5iiS!il^^^;i3:^^^Sr 
40 hfc^£\'^^\ *H^B,^C^'bo-rv^-C'bD. D-D' C^St^ 

[0 0 8 61 (5 8) mnmm^m Lmmmi-i. 

^mmA'^'^^<o--^^X'm^i%^ h (D iSrMi-S :itii^ 

[0 0 8 71 SepMqNrOs (11) 

:i :i T% BiIiaMfi in. Sb, Bi, Te, Au, B, 
Cs, Sn, Tl. S, Ge, Fe, Zn bilfittfc 
<}^^£< tiil'O0:>7vm. HfFlBNfiAs. C, N, O. S 
i, Ag. Al, Ba, Be, Ca, Cd. Co, C 
50 r, Cu, Hf, Hg. Ir, K. Li, Mg, Mn, 
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Mo, Na, Nb, Ni, Os, Pd, Pt, Rb. R 
e, Rh, Ru, Sc, Sr, Ta, Ti, V, W, 
Y, Zr, Pb, Ga, USt>\ S eRnttlBMT^^ 

s eS.t^ftfrlEMRt;«B^rlEN-c*^i^5^^i^1«<D'>/j:< t h 

l-OCDycM^^L. MX-itB r . CI. F, H. I, P 

t-r^:ii:7!)>X'^^o ^tz. BUIBp, q. rR-as(Dm 
iiL\^\>^-rtl-hm'^^<~-^'^ hX\ ^MflA: 0 S p g 9 
5, 0^qg55, 5^rg50. 0 S s g 2 0 (T^tSIS 

0. 10^r^40, 0^ s^l 0(^ffiSfflt;i&5ri:;&5 

2 O^k/ ( j +k) i 
^J;ttf. iS^^fegK^tBLfflM<0»M;5)c;J5 (GeSb2 
Te4 ) 80 (Cr4Te5 ) 2oT'fc5m-^, 5t (7) <D 
L{iGeSb2Te4 . H{iCr4Te5 T-feoTs k/ 

(j + k) f4 2 0T'fe5„ r r-C#5c*<75J!l^%(i. ^ 
L<7)Ge»ill%s Sbtt23%, Tett46 
%. H(^Crl*9%. Te«ll%T-fo2)o -twT*. ^ 

(7) -e**5|l±l 011^%<^tSfflttLC^Gettl~ 
2 1%. S b ft 1 3 ~ 3 3 %. T e 3 6 ~ 5 6 H 
CDCr{iO~19%. Te(il~2 l%-t?&5„ 

[0 0 9 0] (60) iSit^.^^^ t i«S!li^.^^>fl. V 
tttt&M*:tfi^r&Jli7c5lli^ 5 011^%Ui±-^tf ^ t 

[0 0 9 11 (6 1) ±I5=S: (8) *3iU! (1 1) 

[0 0 9 2] i«ii!^,fi£:9-oj[S^|gc<^?Ptt, jgfll^^i^^ttl 
Ujg<o«^7C3^o^^^ro?pt-*f-r5tiJ-&-ei 0-5 
o%<Dmmx-h^^ttm-^\^<. 2o~4o%co$£h 

[0 0 9 31 (6 2) t ^B^-fk^^Oilfl^^-g- 

±. 8 oi^^%iJiTo«&H-e#?ii-s ^timi^ 
[0 0 9 4] iisit^fifet^oiii^tt, mtammMf^'^^X'^ 

^1iSmtflSL^<DmM,X t) 1 5 OtiJjl_hiejv^r L 
[0 0 9 5] (63) iS^-^^^5>W5pi$|,Mfl. TfS(D 

ai!^.8 ooiCKJl±o^b^#iii-5r fcjJST-t 

|5li:) o I5ijx.fi\ BaPd2 CO:^-^, ^tl-^-'tLWxi^cr) 
m^°Mt^ B a (1 3 3 %, P d {i 6 7 %X'h^o ^ :i 
-e. m^iScB a P dz d^bC0-m>6^± 1 0j!^^%CD$Sia 
fi, Batt23~43%. P d 5 7 ~ 7 7 %T-foSo 
[0 0 9 6] <Al¥>B aPd2 , BaPds , NdP 
d. NdPd3 , NdPds , Nd7Pt3 . NdsPt 
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[0 0 8 8] (59) mmmm^m Lmmmco^mm 

LjHk (6) 

Tst (7) (D^m<ot&{^^mmftmi:\^. ±mmm^m 
s^i-^^7tm(Dm^x(D^^mi-i. ^ (7) T'^^sii 
± 1 oM^%<^i5iat^icfos^<t>45if*b<. ±5mi- 

10 "/oOigilSi^tcfoSi: J;t9^ff*LV\ 
* [0 0 8 9] 
;40 (7) 

2 . NdPt. Nd3Pt4 , NdPt2 . NdP 

ts , Bi2Nd. BiNd, Bi3Nd4 . BisNd 
5 , BiNd2 . Cd2Nd, CdNd. MnzNd, M 
n23Nd6 , Mni2Nd, NdsSb3 . Nd4Sb3 , 
NdSb, NdSb2 , Fe2Nd, Fei7Nd2 , C 
s3Ge2 , CsGe, CsGe4 , NdsSis , Nd 
5Si4 , NdSi, Nd3Si4 , Nd2Si3, Nds 
20 Si9, Cs2Te, NdTes , Nd2Te5 , NdT 

62 . Nd4Te7 , Nd2Te3 , Nd3Te4 , Nd 
Te, Cesir, Cezlr, Ces5lr4S, Ceir 

2, Ceirs , Ce2lr7 , Ceirs , CaPd, 
CaPd2 , CaGe, Ca2Ge, GeNaa , Ge 
Na, CaSi2, Ca2Si, CaSi, Se2Sr. 
Se3Sr2 , SeSr. GeSr2, GeSr, Ge2 
Sr, SnSr, SnaSrs , SnSr2 , CezT 
1. Ce5Tl3 , CeTl3 , Ce3Tl5, CeT 

1. BaTl. PdnTls, Pd2Tl, PdsTl, 
30 Mg2Si, Mg2Ge, BaPd2, BaPds , Ce 
4Se7 , Ce3Se4 . Ce2Se3 , CeSe, Ces 
Ge3 , Ce4Ge3, Ce5Ge4 , CeGe, CesG 
65 , Ce5Si3 , Ce3Si2 , Ce5Si4 , Ce 
Si, Ce3Si5 , CeSi2, CeTe3 , Ce2T 
65 , CeTe2 , Ce4Te7 , Ce3Te4 . CeT 
e, La3Se7 , LaSe2 , La4Se7 , La2S 

63 , La3Se4 , LaSe, GeLas , GesLa 
5 , Ge3La4 , Ge4La5 , GeLa, GesLa 

3, BaSe2, Ba2S63, BaSe, PdSe, M 
40 o3Se4 , MoSe2 , Ba2Ge, BaGe2 , Ba 

Ge, Ba2Te3 , BaTe, Ge2Pd5, GeP 
d2, Ge9Pd25, GePd, GesPt, GesP 
t2 , GePt, Ge2Pt3 , GePt2 , GePt 

3 , PusSn, PusSns , Pu5Sn4, PusSn 

7 , Pu7Sn8 , PuSn2 , PuSns , PtsTe 

4 , Pt4Te5 , PtTe2 , GeNi. GesN 
is , GezNis , GeNis , NiTeo.BS, Ni 
Teo.775 , Ni3±xTex , CrnGeis, CrG 
e, CriiGes , Cr5Ge3 , Cr3Ge, CrSi 

50 2 , CrsSis , CrsSi, CrsTee , Cr4Te 
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5 , Cr3Te4 , Cn-xTe, GesMns , GeM 
n2 , MneSi, Mn9Si2 , MnaSi, MnsSi 
2 , MnsSis , MnSi, MniiSii9, Mn2S 
n, Mn3.25Sn, MnTe, Te2W, FeGe2 , 
FesGes , FeaGe, Fe2Si, FesSia , F 
eSi, FeSi2 , GezMo, Ge4iMo23, Ge 
leMos , Ge23Moi3, GesMos , GeMo3. M 
osSi, Mo5Si3 , MoSi2 , MoSn, MoS 
n2 , Mo3 T 6 4. MoTe2 , Si2Ti, SiTi, Si 
4Ti5, SiaTis, SiTia, SnsTie, Sn 10 
3Ti5, SnTi2, SnTi3, CoGe2, Cos 
Ge7 , CoGe, CosGes , Co4Ge, CoaT 
64 , Ge7Re3 , ResSi3 , ReSi, ReSi 

2 , R e2T Bo 

to 0 9 71 (6 4) ii5St^^^t^¥±&ili^{±s i^fz. 

[0 0 9 8] <B^>C S3G e, Ba2Tl, GePd 

3 , FesGes , FeTe2 , Co5Ge2 , Nd3P 20 

d, Cs3Te2 , Ce4lr, NaPd, Ca9Pd, 
Ca3Pd2, Ca2Ge, SeaSr, CesTl, Ce 
Se2 , CesGe, BaSe3, GeSe2 , GeS 

e, BaTe2 , GePds . GeaMnn, MnTe 
2 , GesWz , FeGe, Fe4Ge3 , Fe3Sn, 
Fe3Sn2 . FeSn, CoTe2c 

[0 0 9 91 {6 5) lSM}^^^<DW-i^mf^\±. i^tL. 

0*CjJJL±O^b^t|^i:-t-5::i:65X'#5„ 30 
[0 1 0 01 <CS¥>B a4T 1 . CsTe, Ba4T 
1, Bai3Tl, CdiiNd, CdeNd, CssT 
64 , CasPd, Ca5Pd2 , SnsSr, BauT 
1, PdTl2, FeSe2 , FeSe, Cr2Te3 , 
CrTes , FeSn2 „ 

1 0 1 0 1 1 (66) i^iii^i*^^ t \.xmmAm^mf 
tih<D^mm-r^t^. mmtf$.^<D^mm<,-^. tie 

bV\ 40 
[0102] <D|f>Sn, Pb, Sb, Te, Z n, 
Cd, Se, In, Ga. S, Tl, Mg, TI2S 
e, TlSe, Tl2Se3 , Tl3Te2 , TlTe, 
InBi. In2Bi, TeBi. Tl— Se, Tl- 
Te, Pb — Sn, Bi— Sn, Se— Te, S — S 
e, Bi— Ga, Sn — Zn, Ga — Sn, Ga— I 
n, In3SeTe2 , AglnTeZ , GeSb4Te 
7 , Ge2Sb2Te5 , GeSb2Te4, GeBi4T 
67 , GeBi2Te4 , Ge3Bi2Te6 , Sn2Sb 
eSen, Sn2Sb2Se5 , SnSb2Te4 , Pb2 SO 
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Sb6Ten, CuAsSe2 , Cu3AsSe3 . Cu 
SbS2 , CuSbSe2, InSe, SbzSes , 
Sb2Te3 , Bi2Te3 , SnSb, FeTe, Fe 
2Te3 , FeTe2 , ZnSb, ZnsSbz , VTe 
2,VsTe8,AgIn2,BiSe, InSb, I 
n2Te, InaTes , Ba4Tl, CdilNd, Ba 
13T 1 , CdsNd, B a2T U 

[0103] (6 7) iiSgll^fife^^t LTflrIIBBS¥fc:^lf 
tih<r>^^m-t^t^. =tB^«^oTOim/^{i. TIB 

ffififefeSVSis 5 O'CiJATt^'fb-^i^T-^jSw t^s 

if* bU^c 

[0104] <Ei¥>Sn, Pb, Te, Zn, Cd, 
Se, In, Ga, S, Tl, Tl2Se, TlSe, 

Tl2Se3,Tl3Te2,TlTe, InBi, In 
2Bi, TeBi, Tl— Se, Tl— Te, Pb — S 
n, Bi— Sn, Se— Te, S — Se, B i — G a , 
Sn-Zn, Ga — Sn, G a - I n, Ba4Tl„ 

[0105] (6 8) i^Bi^^^i; L-cfltriaciftr^if 
tL%><o^m.m-r^t^. mmtfi^^(ow-i^m.mt. tie 

IOIO6] <Fl¥>Sn, Se. In, Ga, S, I 
nBi, In2Bi, TeBi. Tl— Se, T 1 — T 
e, Pb — Sn, Bi— Sn, Se-Te, S — Se, 
Bi— Ga, Sn — Zn, Ga — Sn, G a — I no 

[0107] (69) mm^m^m Lffl^^(^m* 

T-# 5 R AMx w ^ ^ <o\t^-rMmn^mi^mc-hmm 
[0 1 0 81 (7 0) Ti^mm^x^mfimm^iiii^mm 

y<U—icyV±y h*s$nTV^5/6\ ^lij^ySifigWj-C 

i!f*bv\ r(D^«{-±. :$i^m&.f'\-(Dmmcm^^xh. 
[01091 (71) mmi^m^m u i^—- r^<i><yu>?. 
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(A./NA) . />Vw;^tix/6STI2 (9) mi (10) * 

0. 4A,/'NA^vTSl 
0. S^x/TSO. 5 

$e>t::TI2 (12) mJ- (10) oB8^1^?»ytf r <t*s 

0. S^/NA^vTSO 

(7 2) mu±.\^-m.^-^fz.\-t%mm^'k\^xm^^'iru 
( 01 1 11 (73) &m±{^m.m-^ ta-±i^mm u 

10 112] (74) (1) (6) Ji|E^©1f#|E 

[0113] (75) S«±(CiE^* fc«i*^S L 

[0 114] (7 6) S^^itcjtg^^/cJii^liS^in^L 
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5 xyNA 



8$ lOl 1 0] 



9 i/NA 



(9) 
(1 0) 



(1 2) 



[0115] (77) mwi±imm^tiit^mm't^ u 
xMt. '^mm. KMJi^j^^-rsxgt, ^.tuidgrj© 

[0 116] (7 8) BtllE^^lt^^^^i: LTfi. -pijx. 
Il, LaTea, LaTe2, LaaTes, La3Te4, 
LaTe, LaaTes, La4Te7. LaaTe, La2 
Sb, La3Sb2. LaSb, LaSbz, LasGe, 
LasGea, La4Ge3, La5Ge4, LaGe, La 
3Ges, Ag2Te. Cr3Te4, CrsTea, CrzT 
63, Cr4Te5, CrSb, CrsGe, CrsGes, 
CrnGes, CrGe, CriiGei9, PtTea, P 
t4Te5, Pt5Te4, Pt4Sb, Pt3Sb2, Pt 
Sb, Pt3Ge, Pt2Ge, Pt3Ge2, PtGe, 
Pt2Ge3, PtGe3, NiTe, NiTeo.85, N 
iSb, Ni3Ge, Ni5Ge2, NisGes, NiG 
e, CoTe, CoTe2, Co3Te4, CoSb, C 
oSb2, CoSb3, Co5Ge2, CosGes, CoG 
e, CosGeT, CoGe2, Si2Te3, SiSb, 
SiGe, CeTe, Ce3Te4, Ce2Te3, Ce4 
Te7, CeTe2, CeTe3, Ce2Sb, CesS 
b3, Ce4Sb5, CeSb, CeSb2, CesGe, 
Ce5Ge3, Ce4Ge3, Ce5Ge4, CeGe, Ce 
3Ges, CesSis, Ce3Si2, Ce5Si4, CeS 
i, CesS is, CeSi2, Cr3Si, CrsSis, 
CrSi, CrSi3, C r S i 2, CoaSi, CoS 
i, CoSi2, NiSi2, NiSi, Ni3Si2, N 
i2Si, NisSi2, NisSi, Pt5Si2, Pt2 
Si, PtSi, LaSi2, Agsin, Ag2ln, 
Bi2Ce, BiCe, Bi3Ce4, BiaCes, Bi 
Ce2, CdiiCe, CdsCe, CdssCeis, Cd3 
Ce, Cd2Ce, CdCe, Cesin, Ce2ln. 
Cei*xln, Cealns, Celn2, Celns, C 
e2Pb, CePb, CePba. Ce3Sn, CesSn 
3. Ce5Sn4, CeiiSnio, CesSns, CesSn 
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7, CeaSns, CeSns, CeZn, CeZn2, C 
eZna, CesZnii, CeiaZnse, CeZns, C 
e3Zn22, Ce2Zni7, CeZnn, Cd2iCo5, 
CoGa, CoGas, CoSn, CrsGa, CrG 
a, CrsGas, CrGa4, Cu9Ga4, CusSn, 
CuaZn, Bi2La, BiLa, Bi3La4, Bia 
Las, BiLa2, CdiiLa, Cdi7La2, CdgL 
32, Cd2La, CdLa, GaeLa, Ga2La, G 
aLa, Ga3La5, GaLaa, In3La, In2L 

a, InsLaa, InxLa, InLa, InLa2, I 
nLa3, LasPbs, La4Pb3, LanPbto, L 
a3Pb4, La5Pb4, LaPb2, LaPbs, LaZ 
n, L a Z n2, LaZn4, LaZns, La3Zn22, 
La2Zni7, LaZnii, LaZnia, NiBi, G 
a3Ni2, GaNi, Ga2Ni3, GasNis, GaN 
i3, NiaSn, Ni3Sn2, Ni3Sn4, NiZn, 
Ni5Zn2i, PtBi, PtBi2, PtBi3, Pt 
Cd2, Pt2Cd9, Ga7Pt3, Ga2Pt, GasP 
t2, GaPt, GaaPts, GaPt2, GaPta, 
In7Pt3, InzPt, In3Pt2, InPt, Ins 
Pt6, In2Pt3, InPt2, InPt3, PtsP 

b, PtPb, P t2 P b3, P t3 S n, PtSn, P 
t2Sn3, PtSn2, PtSn4, PtsZn, PtZ 
n2, AIS, AI2S3, BaS, B a C2, CdS, C 
04S3, C09S8, CoS. CoO, C03O4, C02 
O3, Cr203, Cr304, C r O, CrS, C r N, 
Cr2N, Cr23C6, Cr7C3, Cr3C2, Cu2S, 
Cu9S5. CuO, Cu20, In4S5, In3S4, L 
a2S3, La203, M02C, MoC, Mn23C6, Mn 
4C, Mn7C3, N i O, S i S2, S i O2, Si 
3N4, CuzTe, CuTe, CuaSb, Mn2Sb, 
MnTe, MnTe2, MnsGea, Mn3.25Ge, M 
n5Ge2, Mn3Ge2, GeaW, T e2W, AlSb, 
Al2Te3, Fe2Ge, FeGe2, FeSbz, Moa 
Sb7, Mo3Te4, MoTe2, PbTe, GeP 
d2, Ge2Pd5, Ge9Pd2S, G e P ds, PdaS 
b, PdsSbs, PdSb, SnTe, Ti5Ge3, G 
e3iVi7, GeaVii, GeaVs, GeVa, V5Te4, 
V3Te4, ZnTe, Ag2Se, Cu2Se, AI2S 
63, InAs, CoSe, Mnsin, Nisin, N 

i In, Ni2ln3, Nisin?, PbSe, JfeifCOilS 

[0117] LaSb, CrSb. C 

oSb. CraTe4, Cr2Te3. Cr4Te5, CoT 
e, Co3Te4, LaTea, Cu2Te, CuTe. C 
uaSb, MnTe, MnTe2, M n2 S b W 9 
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[0 118] mwMm^WL'^'^\^^-^^^m\Lm. 

JO [0 119] mm^mtimmmmi^it. tUMsMmAfit^ 
[0 12 0] ■^m&^i^nmt-r^^^t b-ctt. ue*d(o 

[0121] mmmMM.fJ^^7^<Dmiffm<Dm^^n^ tm. 

x<Dytmil^m<'m.M.i}> h . BtflE=t=g^{b^£^co;gfB4»t^ 
X(DmM(Mm i:j^^S|5k2tOM<^^*L^*tu±4 0%UiF*g 
30 -t?*>SK>3&Siif^b<, ± 2 0%iill^-t?fo5<^dSJ:«5$f* 

[0 12 2] ni i: n2<7?^/5S± 1 0%^rt, kii:k2CD 
mti'^±7 0%)iX^X-h^ . Ji-O I [ (ni+iki) - 

(n2+ik2) : / [ (ni+iki) + (n24-i 
k2) ] I 2T-*tJ$tu5l?-®Rlt^*S6%4*AT*Jfc5ro 
;5S$f*bV\ n.\tm<om.f)^±10%UP^. ki 

tV.z<omi)^±7 0%\>k^XPi^ . S.o#HS:M^;65: 2 

^t\^. mM^m< \^x^mt^^^/\-^iz^ < b. # 

40 ST-w^SfeSL^iaCOic^fS bv\ 

[0 12 3] ^mi^lSL'^(Om^m (n. k) Ojf* bV> 
$BHtt, *B^<bfi5c5>;!)SG e - S b - T e ^<Z5^-g-tt. 

5. O^nSe. 2, 1. l^kge. 1 . 
mmtj^W I n - S b - T e ^ W^-g-tt. 

1. 5^n^l. 8, 0. 6^kg3. 6 T-foS, 

[0 12 4] m>mLi^.^^*mumms,mmnmA^-ii^^ 
X. ■mmM.fiiL6i^(Di^mm^mm^m\\x^^£\<^m^\-i. 

wimmm^.fi^^^&^MM'!^ m^\mmtff^'7^) (Dm 
50 f$.(D\,^-rtiA^—'o^}!^<t.m^(D8o%)ik±. x'om- 
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[0 12 5] ^w^afs^ffl^l^m^D^%lI^iffi^^s r^^naj 
[0 12 61 ^mo<Di^mm±. mx.\^T ]> /mm. 

TKy ^^u>'7"u7^ 1/- 5j<y 4:7s/'ft:^f^i/i^ 

10 12 7] «^<75-(S:^i{i. myn-s.mi\L«^. 
\o 1 2B\ mmm<DumM(omt\^x{^^ ce, l 

a. Si, In, Al, Ge, Pb, Sn, Bi, T 
e, Ta, Sc, Y, Ti, Zr, V, Nb, CrfcJ; 

-fb^^s Cd, Zn, Ga, In, Sb, Ge, Sn, P 

b J; "9 ^.eSPJ; •9iHitu/c'>/£< i 1 1 o(^5c^wSK-ffc 
fe*fctt-tr U-^-fb^^, Mg, Ce, C a T^e t'W^fbi^, 
Si, Al, Ta, Btji^nmtm. *5^cJi, AjN^7^fo 

Ce02, LazOs, S i O, S i O2, InzOs, Al 
2O3, GeO, Ge02, P b O, SnO, Sn02, B 
1203, Te02, WO2. WO3, Ta205, Sc 
2O3, Y2O3, T i O2, Zr02, CdS, ZnS. C 
dSe, ZnSe, In2S3, In2Se3, Sb2S3, 
Sb2Se3, GazSs, Ga2Se3, MgF2, Ce 
F3, CaF2, GeS, GeSe, GeSez, Sn 
S, SnS2, SnSe, SnSez, P b S, PbS 
e, Bi2Se3, Bi2S3, TaN, Si3N4, Al 
N, A 1 S i N2, Si, TiB2, B4C, S i C, 
B, C«75 ^ *><^ 1 ofc2)VMi^:n^cial,^^fi^^t ofct) 
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[0 12 9] w^xe><0 9*>s fli£^b'feT•^i^ ZnS-Syttt 

i^^-m<f£<. m'^'^mXimX^^^X\ TaN, S 
i3N4, A 1 S i N2*/c{iA 1 N (MitTJ\^%~^ 

tt, mA^^'&Xth^M.X. Y2O3. SC203, Ce 
O2, T i O2, Zr02, S 1 O, Ta205, In 

2O3, AI2O3, S n02*fcttS i 02*fc(i^ttib(= 
10 i£v^ffi^(75'bO;6S^*L^^o :^mt:^tst^^B%S i T-4> 

[0 13 0] mmm&m^um.^-m^<^^ fosi/^i^^E 
[0 13 1] wiu%mmKm^m^m.m-t^k. mm:^ 

i^BMXh^o M?H-£. ff^ 5 0~5 0 0 nm(0 (Z n 
S) 80 (S i 02) 20«T'{i. ^m^^. 15^- m*it* 

20 [0 13 2] Mf2(*:^Mtt*fc. mmii^^xxj^mm¥!)<D 
[0 13 3] mm^(o^mmit. ^o**rom^T-«^ 

XyN-s'iJ'y t9?f^^bT'^iJ;V^ 

[0 13 4] -m^. mmi^^^mM-r?>t. mm(Dm 

[0 13 5] =^m<D^^^X'0:kt <-r^fz.ibia-±. IS 

[0 13 6] ^mm(Dm^mm\z.m^t. mmmmm 
mm<D^^m(D(p^j:< th-u^is.ib-\t^^thX'^^. 
m^\t. ^mm^^t^'^imx-mim-^t. ^mmnm 

{cx<>xmmmmm(D~n(D^km^^tz.-rxoicfj:^, 

[ 0 1 3 7 ] 4'MB<75Mff{l. 3nmUjL_h, 4 0 0 n m 

50 sxTx. jao. mm^mis^x/m^^m<D\^^-rM>-:^ 
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(18) 

33 

[01381 m.^m t L-c. mBmmr^ 2 . 0 w/ c m 
• d e (^jx.jiAu/i<t') ^± 

2O3, A IN, Si3N4, Z n SJ^Ci:•^>5^^{4^tKc:Ja 
i^m^WiN-) S i 02JJcir<0fSi'e^^*s 

fSS (0. 0 2W/'c m • d e gJi^±. 0. 1 W/ c 
m- degiJJLT) 0*t!H^>^ffiV^. 'Pmm^W<-t^(Di)i 

10 13 9] KM^tt, mi^mmmm<7)mmmi:imm 

[01411 mrfsstg, KisiM^iJiis ^mm. ^^mm^ 
[0 14 2] HtfisiaMiiif. i^ifii. ^fm. 

[0143] MIB(Dlf $Rf2iiffl}l|)litt. ^m^^*;^^-? 

[0 14 4] ::.(om'^. nm^x-mm. * 

m. mm. m.mi}m-^w\^n\.x^ib^m.'?-^(oVi^i}^ 

10 14 5] :L(Dx.ofm^mt^rf-^i:'?:itk^x.^ . 

[0 14 6] -m^. nm^ mmit) izX'^xmm(D 
t&m^nf^^Wt't. iEW<oifeaa^*>e>*='C**§^Bfb^ 



j^Pflspy - 2 2 3 3 7 2 

[0147] z.(Dm^<Dm-^ \^\>^'^^^\tmt Lxf*, m 

^fi\ ^^^j* hSi5S2 Mm^Ti:/.e5J; ^^-^Sbfc^' 
[0 14 8] hSiSr 2 m^TST'^^ bfd U — 

1 mm-t htnix^wc^(D i-—f^mMibi'^m t /j; 

[ 0 1 4 9] 'S-it^^Jtfy hf±, 1^— cDlBlii ^7y^±^- 
[0 15 0] — i^'foSV^{ii^ttJ;;^3il^ig#:^— 

^jj^y hT'foM3t5SS;6s (1/2) i;i/jjsfi:B-e(Dii: 

[0 15 1] m^B<[:^mmhyy^±(D^X'^]^^'^. 
hyy'i^m\'i^^W<o-^^t\^XhX\^\ mmh^^yi^ 

[015 2]M;tlis Sb, Te, G e *3 J:t)«C r $r=fe 

?^^Lfc#^. ^^ia^frfis b, Te, Geisxrjc 

(Dmm^y^y<y$' V '^if^ic^^xmi^i^fcm^h. 

. J: o T (i^il ilK 6<3 fcgtftp $ -Br S © J; 

— »^*5tSrMLTfiIia«=^igfa^b^*^o :i9-r5 

[0 15 3] !^*3t^C^03:^.yUdE^— If— Ai^BB|+-r 
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10 15 41 r<^^io$^it*-jfeT'tt. ^m^^^:^i^\n 

[0 15 51 ^efB^b■rs^■>°I7-l^-</^^:^^rHK{ci£v^t»^ 
SlC-f-^ !7 - U-</U t (DW\-C^< !7 -^I^ Lfc U— t^'>t 

[0 15 61 :i(D?^m(Dmi'-'m6<D\^m.mmmmm-v^ 
[0 15 71 m^i-i. 'i^^em^^'^^Bm(Dmit. ^^^Bt 

[0 15 81 IE^ffiy»m<b. 't%M*5J;t/'l3f^'jJS 

[0 15 91 roBeg©mic75^t^isw^»i. tfllS^ 
[0 16 01 mw^msMmnm(0'p^£< tt— 

[0 16 11 r(^5§P^K)^2co1tf8IE^jS^^^{i, 

l*Jj;u«m6(^tt$sf^®ffl3^l]I£ov^-ft^*^^^. mmmB, 

[0 16 21 

[f'^ffl] r<73^PJomi~^4<^'ttfgsB^ffl?iliioJ:U^ 

^f\.^m\'^f:immMm.m:W-x'\t. s b *3 j;t>*T e tcttiiE 
rSi^&>^<Dmi$.^i)mw.it[^X'oxmmi^xh. 't(om 



(19) ii#M¥7-2 2 3 3 7 2 

36 

[0 16 3] Sb. T e4oJ:t/mIIEB*7tfiXT'*i:>^ 
[0 16 41 ^CD^P^0^5*5j:05^6CDltmM^ 

V MiS^^m u>6s pitg i Tie So 

[0 16 51 r<DlSeqo^l(7Dlf^|B^IK{*:T-J±, tilfS 

^l~^6o^w#ls^§fefflacM^rffix.T^^s©T^ mm- 

[0 16 6] rco%B^«om2(7)lt#is^^Sf^-ctt. fluia 

^1-^6 (Dmm.mmmmm(o\^^^i\.t^x ^ fj:^-^:^^ 
[0 16 71 z.(D^m<Dm3(D^mmmmi^xi±. mm 

m 1 ~^ 6 coif ^lE&ffl^Bgrov^-ftL^-J: t) ^.eSS#^ii 
[0 16 81 ffi^'^bfi!£^J:<3^a*f6^)^cj8ll-^;4S^^V^ 

[0 16 9] mmi^vt^iiii^mnm<ow-mKfiz^mm— 
50 m.^ (8) xm^^i>h<ot-r^t^. xCfoA-c^^ 
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37 

ih-r5^;^S:t)0, (1 2) ^^(O-F tVxmx.\tT 1 

[0 17 01 :^%m(Dmm^w.3i-m\^m'mm.x'\-t^ mm 

T. jggjiv. ;«;7Ks' (;./NA) , y<j\^:^my.-A^M 
IE (9) S:t)« (10) <7)H^^?^:/cii-- irtdJ: M 

[0 17 1] 

[^jfeMi skT. z(D?^m^mmmi^xoxnmi^^m 

[0172] [HiS^d 1 ] 

[0 1 7 3] *-f^ il^l 3 cm, 1. 2mmT-^ 

-hS^Sl^MLfc. 2>jtc. r(DS*Sl±(-«^)ilS 

[0 1 7 4] -7^^- ho- • ;^/>5/^ y >-i/iS®tcJ: 

!3. mmi±^c^-r Un s) so (s i 02) 201m: t) 

7t^. -^rCOiJc: S bi6T essG e 16 C r 13 , i-T^Ct?"^ 

( (Ge2Sb2Te5) 7 (Cr4Te5) 3) Offlj^cOfE 
miS^3^fmm-m3 Onm^X'mi$.Vt^o rw^. Cr4 
Tes^— hiiGezS hiT es^—^y htiC^Z 
lH]ifel^B#^^<S'^'te*rfflV>;/t„ a,tfcC r4T e5l!IroiJ--t' 
Xt± 2 ~ 2 0 n mmS, IjCO 5/ ^{i (i^-f X) X 

(1. 5~i 0) jisasuvv 

[0175] C r4T e5K«^^>-rLt^;^fe-r'5!^^g^i/i 

i\ ^nm^. tEM3 4'lc:#ta-t--£>iSlli^.i?fe5>fis ^ 
[0 1 7 6] JiktC, l2^B^3±to:, (ZnS)8o(Si 



(20) il^Mq^ 7-223372 

O2) 2ol!iJ;i5Jfc5if>Fp1g4^j^2 5nmOliIJ?:*« 
fifebfc^. ^w±^c:|sll:;^^^°5'^5' y >-i/i^«rtT*A 1 97 

[0 17 7] {tii;^, 4ofc<lsl^<D:&&l;iJ:i9. mi(D 

||2(D7'-f J^:^'$|5*^tt^ iiC^l 3 cm, 1?^ 1. 2 
mm<^S^l ' ±t^Wi{C^«^n:fc. llI/f:*'^J 1 2 5 nm 
CO (Z n S) 80 (S i O2) 20MJ; 9 2 ' . 

/O TOIIJi:3nm(^Cr4Te5)lM (El^it-f) , 3 
0 nmOS b 1 6 T essG ei6 C r 13, -t"/.et3*> ( (G e 
2Sb2Te5) 7 (Cr4Te5) 3) 0|5^BI3' s J^ff 
iS*)2 5 nmCO (Z n S) so (S i O2) 20^<i: •? 
^^4' . jSitPM/psOnmCOAlgyT i3)iI<J;!9J^j: 

[0 17 8] -tro^. i^<kt'^^w-g^mf=/t^5S*S' H 
^/i-h^^Me^^^LT. BfrlEmi^3<tO?m2(D7^^ 
:^i5'gPW<7:>^tt^5, 5' (^±&l£i9-a-:b-fr, I213{C^ 

•Tx :^ ^ ^mmmmM^%i^. 
20 [0 17 9] z<Dmi^vit. SMS 5, 5' <D±m^m 

m-r^t. ±m^mm\^^j:^^m'ti^it^xm^m^-^m 
mW(i^^<-r^:iti-x^. -kti. RMS 5, 5' (DIE 

[0180] (toSSi^fB'fb) MIS© J; 5 UTM-ft Ufc 

h^*^b. &.r(Dmmx\-±mmm3icri\,^x<D^m^^ 
30 ^tt-r^. 

[0181] SEfl^Sr 1 8 0 0 r p mt?lllte^-fr, ^^flc 
U— (Ms 3 0 nm) O if3t^N"!7— $rl5^:dStT 
i^^*?tl.'iCV^U"</l' (*^lmW) (C-tS*?, -tc^U— y-'3t^r 
K't't^MPiSc (NA) t^O. SSt^U-^-XT-^ 
^b, S^Sl ^iibTfB^Bl3(:iRBMUfc„ IE^HI3*» 

[0 18 2] S-r. l5]ffl,^H^B{bc75/cfc, S5^B^5(7)|5]- 
IB^ h7 ^'iJ'it-. ^-^!7— 1 2mW, 1 3 mW, 14m 
WOi^^^i — -!^'^^*i^^'i^5 0 OlelfiSMLfco 1:^ 
tc, /<!7— 1 SmWcoiii^ (DC) i^*3t^Sr 10 0 0 
|h1RB.Mu/co #[EiroBSMB#^ ()t:^7Ky hiiiiB#FBl) 
fl, f>]0. 1 M s e c T-foS, 

[0183] J^I/^T, /<!7—8mWC0ig^^U— y-'^$: 5 

0 oifliBgttL;rc„ ^^(Dmm^m {^y^-^^-y vm^^^ 

50 !7 — (i5~9mWro$iSfflT-feH»iJ:V'>o 
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[0 18 4] mm2mm(r)u—^^mM(Doib. ^<9— 

<Di&\,^:^ (8mW) COBB,|^«±^lSL.T'b il^o 

10 18 5] r CO J: 51-, y<^-<D^^j:?>u—ifyt^m. 
[0 18 6] ^ti^<DU—f^mMi-i. i¥^mi^i^—f ' 

[0 18 7] mmi(D\^—^^:^:^^y ^^fflV^54i-g■. ^ 

[0 18 8] Vm^-^^V V(0 \ 2mW©jii^l^— 

*^10. 1 /z s e c) fetCl, /n'!7— 1 8 mWCD^^yW;^ • 

[0 18 9] -eoig*. 1 2mW©3l!ec^— l?*3troTO 

MIC J; 19. iElikl^5tfJCig5ilt^^5>-Cfe5Cr4Te50 50 

CDfe^;i5itiiS5fefB'fk^Hi'i:G e 2 S b 2 T e s (Om^KZ^Si 

[0 19 0] ^j:*5, C r^TesCQMlil 2 5 2° CT* 
fet), G 62 S b2T esCOP^tiS 3 0* C-Cfo5. 
1 0 1 9 1] (ia«^ • ?Jc{c, iJiLJ:© J: ^ LT^n 

4'Fb1/'-^!7— l/'^/U (8mW) 17—1/^/1' (18m ^0 

W) ir<7?rB^T'^{k^-a:Tlfffi©|2^^^f/j^o/i„ M-f" 

b) fflU— 1f)t<7?<g:/-?!7— U'-</'U (IraW) icTJf 5 J: 

[0 19 2] IB^ffli/—- 4'Kl/'<>^.t 
(7?/<!7— Jrkfi 1 : 0. 3~1 : 0. 8 (7)$5H*5#fc:$?* 

[0193] Z.(r>i.o tSi%tm5mX\t.. UEClif $S*Sf5^ 50 



!t^g|2p7 _ 2 2 3 3 7 2 

40 

[0 19 4] L.d»U ##^ft;t^©**!J<^?liEH^*:ttt 

P^^^!7 — U^yU (8mW) ^Ci£V^>'•?!7— (0iJx.{J9m 

^com. ^feco 1 ihi^-c-s^ (ssttiL) ^u- 

-tf^(7)te^-?!7-U--<yl- (imW) bWmM\^—'f%(0% 
(18mW) ©r^TN 15^^ l^— 

■tf3t<iCi'fP^>'-«!7 — U-'<>'V' (8mW) i: iiS^< !7 — U-^/U 
(ISmW) <Z)^-C% ■|f^m-i-(C$£oT^<!7*-|5IIIUfc 

^it (C/N) tmhfX^^. 
[0 19 5] rOipfrUTf^^mtrSSJi^-t-Sti-g- 

ISIE^ffl 1^—- t^'^COi^ ^'^>'^ (1 8mW) ^1 t Ufct 
0. 4~1. 1 (73t5ISlc^:£-r5(7);iS^fS LV\ w 

[0 19 6] ;iO;^j5fef4. r<D^lg|qofB«!:l^<^d»!3T*;fe 

[0 19 7] rro^j&0-ycD^f^lE®!^f*T-{i, U— !f5fe 
0/^'!7-SrSji{tJ: 1 5%Ji5< U/cMLVN^#T% IE 
^- ti^5fe^l 05lH]UJl±i^t)3g-r- <b74>^li-C'fco:fe„ 

2MH z <D{t-^i^|2^LfcB#iDSMt-^OC/N 

[0 19 8] r<:D^liS«aj<^iaii!^3-t?, ^#m;fHrti!lI 
?gcSrl 0S|HlUJL_hlcf 5^ i:;55T'#2)<^{4, 15^111 3 t" 
f^Wffl bfc;^Si-^j5fei>tc J; 19 , fa« 3 coa^^ (*B^ 

[0199] ^^*3, IBM 3 Z n S - 

S i 02<7>>^Pb1^4 i: A 1 -T i OSiMM 5 tSr^^B&b 

[0 2 0 0] (T e-^#»y <ti7^M#0 *fllB<^ (G 6 2 
Sb2Te5) 7 (Cr4Te5) 3 J; •? ^^$15^81 3 tC*5V> 

— !^'^OR8MB#P^<!:. u— t>-'3te^>°!7-i^*jSmJ: *) 1 5 
%ii5< uyt/IBcUv^^itT-i Qmm^^7ctzM(r>^^'m 

^<DWminm^\t (C/N) CD^{k^S'i3tUyt. 
[0 2 0 1] 
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y= 34 O.Swsec 

y= 40 O.l/isec 

y= 50 0.1/isec 

y= 60 0. l^sec 

y= 67 0. S^sec 

y= 70 l.OMsec 

y= 75 1.5/isec 

y= 80 S.OMsec 

1 0 » iHlttfe^OSrSfeOT© C/N 

y= 20 42dB 

y= 25 46dB 

y= 30 49dB 

y= 34 50dB 

y= 40 50dB 

y= 50 50dB 

y= 6 0 5 0dB 

rOig:^J;t). T e -^^47^52 5 ^y^ 7 souffle:* 

S b30T esoC no 

S bZBT essG e4C no 

SbasTessGeioC no 
S b22T esi G ei7C no 
Sbi2Te38Ge4oCno 
Sb2Te28Ge6oCno 



42 



10 



**5i.^T, 1 o5|HIi^^■9^mlHIcoS#mx:lc:J;5^l^tt^ 
H:ft1fE]cOG eesTezsC noirSbaoTeeoC noSr 
8 0' C, taitfi^Q S^/otft::! 0 0 OB#Kfiv^:^c: 
[0 2 0 3] 



Sb3oTe6oCno 

S b28 T es8 G 64 C r 10 

Sb25Te55GeioC rio 

Sb22TesiGei7Cno 

Sbi2Te38Ge4oCrio 

Sb2Te23Ge6oCrio 

[0 2 0 4] |gl6«H.^ffiia<^S b45Te45C rioi:G 
eisT e72C no^ri^^C r -^^tSSr— L-^titii 

S b2T 671 G ei7C no 
Sb4Te69Gei7Cno 
Sb8Te67Gei5Crto 
Sb23Te58Ge9Crio 
S b30 T e 54 G 6 6 C r 10 
Sb38Te49Ge3Crio 
S b4i T e47G e2C no 



12 0* 

15 0* 

16 0* 

17 0° 
19 0° 
2 2 0" 



C 
C 
C 
C 
C 
C 



S b2T 871 G ei7C no 
Sb4Te69Gei7Cno 
Sb8Te67Gei5C rto 
Sb23T65BGe9C rio 



2^ 

2. 5m 
sm 

U^t. 8 0° C, 1fMS^9 5%tfilCl 0 0 0B#f^1g 

[0 2 0 5] 

2 1 0° C 

2 0 0° C 

1 9 0° C 

1 7 0° C 

1 5 0* C 

1 3 0° C 

1 1 0* C 

5 m 
3 m 
zm 
1. sm 
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Sb3oTe54Ge6Crio 
Sb38Te49Ge3Crio 
S b 4 1 T e 4 7 G e 2 C r 1 0 

[0 2 0 6] GeO-^^ip i: S bcO^^axOJt (p 
[0 2 0 7] 



(p/x) =0. 
(p/x) =0. 
(p/x) =0. 
(p/x) =1. 
(p/x) =2. 



1 5 

2 5 
5 

0 
0 



2. 
1. 
1. 
1. 
3. 



sm 



1. 5^ 

im 

IB 

* (p/x) 0. 25S (p/x) ^1. 0(O$5ffl-C 

[0 2 0 8] C r4T esOaSP'e&S S bjktT e j(«fG e 
c^^^ix, y, p(Dit^^ x:y:p = 2:5:2lC 
i^oTC r4Te5t^-gr^»^r^{b$-ii:fc<!;#. f-*^ 
ro/N-y-^SiifiJ; I? 1 5%JS< bfc^bl^^^T'l 0 
5 [Hl«:#mxyc:^Ol¥^'ft-^(D C/N i^ffiij^ Ufc t ^ 

fee 

[0 20 9] 



CCD,?g;^J; <? . G e <^-^^l:p t S b <^^^i 



50 



q = 0 
q = 3 
q = 4 
q = 1 0 
q = 2 0 
q = 3 4 

mm^^ 1 5%ilS< bfcMLV^^#T•l 05lE]»§:m^ 

[0 2 10] :ir:-e rm^iti t\±. -tx-izum^titz 

[0 2 1 1 1 

a=22 25dB 

a=34 23dB 

q=40 20dB 

q=50 17dB 

1 05[Hl*M(75S^{f-§-<OC/N 

X = 3 8 
x = 3 0 
X = 1 5 
x = 8 
x = 4 
X = 2 
x = 0 

Z<Df^3kXK). S b co-g-^a;xdS2%iy.JiC04aiaT-(i, 
[0 2 1 4] UAJiJ: !3 , r:«^j6S0iJ«OS bisT essG e 



1 05lBl#^moS^ft-§-C/N 
4 2 dB 
4 6 d B 

4 8 d B 

5 0 d B 
5 0 d B 
4 8 d B 

JK^itdSiST-r 5 - t a^^tf^^o 

[0212] msd.<DC r 1 0 %SsJP Lfc^T*, T e 

v^^#-C'i 05[Hl##mx.:fcm<oS^±m^tDC/Nfi. 
[0213] 



4 8 d B 

5 0 d B 
5 0 d B 
5 0 d B 
4 8 d B 
4 6 d B 
4 5 d B 

leCria. -f-^£t>-h (Ge2Sb2Te5) 7 (Cr4T 
es) 3 OlE^iSI 3 {i, Um8 0- C. *g*j-M9 5%'f> 

5£» (CI 0 0 0fl#rBiav^/cB#cDtr5' h • 317 — u— vay^it 
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[021 5 1 i^M7i^<Di&<Dm 1 ) C r (D—^t-tzit 
^^SPf-'f-tx.T, Ag, Cu, Ba. Co, La, Ni, 
Pt, S i doJ:tJ«S r *Jj:r;7>^y-Y K7C^<^9*><D 

A0»: q) s Tf5<DJ:^/.e7'— ^;is#e)ixfcc 
[0 2 16] 

a=o 5X10*0 

q = l. 0 8X1 0*0 

a = 4. 0 1X1 0*0 

q = l 0. 0 2X1 0*0 

a = 2 0.0 2X1 0*0 

Q = 34. 0 2X1 0*0 

q = 40. 0 1X1 0*0 

[0217] (mM7um<Di&(om 2 ) c r jcjDx.-r . m 

*Sriiiji-fbbTC/N^:;k:t<-f 5^;^i§ritoT 1 (iS' 

mi]m(D^t^ 0 . 5 2 0 J!?,^^%tJLTT'fo^^f^, 

[0 2 18] Mx.ti^ Ge8.2Sbi6.4Te64.4TIo.5 
C rio.sfS^KTtt, C/N 5 0 dB. #m"SIfiB0|gc 

2X1 05|pl*q#p3ttfc„ 
[0 2 19] T 1 CD— IfP^/tttrfelfllt-'f-^xT. /Nn^v 

[0 2 2 0] T 1 {c{-tx.-cN m^) ^mMvfzm-Bt. 
[0 2 2 1 ] mM^m(Dm(Dm3) cLcordiic:. ti 

[0 2 2 2] (ffi^-fbJ^fe^JJ-ro^iiKOW ^O^ffi^5iJ(^+ai£ 
■fk^^T'feSG 62 S b2T esCO— g|5^rG e S b2T 
64, GeSb4Te7, In3SbTe2, In35Sb32 
Te33, I n3i S b26 T 643, *5 J:t;«rttbt^ificV^|&fi5c 
(Doh(D'J^^j:< tii ^T-gtifexTfe, Ge<D—n^ 



46 



[0 2 2 3] immM.f$.^(Di&<Dm) ^fftB-rsitsst^^ 

C9^ite{|iJ<^i^M^.^^T'fe5 C r 4 T e 5 t^— lf|5* /c{±^ 
^fl5^rLaTe2, La2Te3, La3Te4, LaTe, 
LaaTes, La4Te7, LaTes, LasTe, La 
2Sb, La3Sb2, LaSb, L a S b2, LasG 
e, LasGea, La4Ge3, LasGe4, LaGe, 
LasGes, AgzTe, CrsTea, Cr2Te3, C 
rSb, CraGe, CrsGea, CriiGee, CrG 

JO e, CrnGeis, PtTe2, Pt4Te5, PtsTe 
4, Pt4Sb, Pt3Sb2, PtSb, PtsGe, P 
t2Ge, Pt3Ge2, PtGe, Pt2Ge3, PtG 
63, NiTe, NiTeo. 65, NiSb, NiaG 
e, NisGe2, NisGes, NiGe, CoTe2, 
CoSb2, CoSb3, Co5Ge2, CosGes, Co 
Ge, CosGe?, CoGe2, Si2Te3, SiS 
b, SiGe, CeTe, Ce3Te4, Ce2Te3, C 
e4Te7, CeTe2, CeTes, Ce2Sb, CesS 
b3, Ce4Sb5, CeSb, CeSb2, CesGe, 

20 CesGes, Ce4Ge3, Ce5Ge4, CeGe, Ce 
sGes, Ce5Si3, Ce3Si2, Ce5Si4, CeS 
i, Ce3Si5, CeSi2, CraSi, CrsSia, 
CrSi, CrSia, CrSi2, CosSi, CoS 
i, CoSi2i NiSi2, NiSi, Ni3Si2, N 
i2Si, Ni5Si2, NisSi, Pt5Si2, Pt2 
Si, PtSi, LaSi2, Again, Again, 
Bi2Ce, BiCe, Bi3Ce4, BiaCes, Bi 
Ce2, CdiiCe, CdeCe, CdssCeia, C da 
Ce, Cd2Ce, CdCe, Ceain, Ce2ln, 

30 Cei+xin, Cealns, Celn2, Celn3, C 
e2Pb, CePb, C e P b3, Ce3Sn, CesSn 
3, Ce5Sn4, CenSmo, CeaSns, CeaSn 
7. CezSns, CeSna, CeZn. C e Z n2, C 
eZna, CeaZnii, CeisZnss, CeZns, C 
e3Zn22, Ce2Zni7, CeZnii, Cd2iCo5, 
CoGa, CoGaa, CoSn, CraGa, CrG 
a, CrsGas, CrGa4, Cu9Ga4, CuaSn, 
CuaZn, Bi2La, BiLa, Bi3La4, Bia 
Las,. BiLa2, CdiiLa, Cdi7La2, Cd9L 

40 32, Cd2La, CdLa, GaeLa, Ga2La, G 
aha, GasLas, GaLaa, InaLa, In2L 
a, InsLaa, InxLa. InLa, InLa2, I 
nLas, La5Pb3, La4Pba, LaiiPbio, L 
aaPb4, La5Pb4, LaPbz, LaPba, LaZ 
n, L a Z n2, L a Z n4, L a Z ns, LaaZn22, 
La2Zni7, LaZnii, LaZnia, NiBi, G 
a3Ni2, GaNi, Ga2Ni3, GaaNis, GaN 
ia, NisSn, Ni3Sn2, Ni3Sn4, NiZn, 
Ni5Zn2i, PtBi, PtBi2, PtBia, Pt 

50 Cd2, Pt2Cd9, Ga7Pt3, Ga2Pt, GaaP 
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47 

t2, GaPt, GaaPts, GaPt2. GaPta, 
In7Pt3, In2Pt, In3Pt2, InPt, Ins 
Pt6, In2Pt3, InPt2, InPt3, PtsP 
b, PtPb, Pt2Pb3, PtsSn, PtSn, P 
t2Sn3, PtSn2, PtSn4, PtsZn, PtZ 
n2, AIS. AI2S3, BaS, B a C2, CdS, C 
04S3, C09S8, CoS, CoO, C02O4, C02 
O3, Cr203, Cr304. C r O, C r S, C r N, 
Cr2N, Cr23C63, CrjCs, Cr3C2, CuzS, 
CusSs, CuO, Cu20, In4S5, I n3 S4, L 
a2S3, La203, M02C, MoC, Mn23C6, Mn 
4C, Mn7C3, N i O. S i S2. Si O2, S i 

3 N4 . ±.wMWL^^'^<omimM(omYm<o o "h^m^ 

Ot>0, Cu2Te.CuTe, Cu3Sb. Mn2Sb, 
MnTe, MnTez, MnsGes, Mn3.25Ge, M 
nsGe, MnaGez, GesW, TezW, AlSb, 
Al2Te3, Fe2Ge, FeGe2, F e S b2, Mo3 
Sb7, Mo3Te4, MoTe2,PbTe, G-ePd2, 
Ge2Pd5, G 69 P d25. G e P ds, PdsSb, Pd 
5Sb3, PdSb, SnTe, TisGes, Ge 
31V17, GesVii. GeaVs, GeV3, Vs T e 4 , V 
3Te4, ZnTe, AgzSe, CuzSe, AI2S 
63, InAs, CoSe, Mnsin, Nisin, N 
i I n, Ni2ln3, Ni3ln7, PbSe, fiii<D'S> 

tfZ), fc5^^^ir^^e)ro^S'g■m^■^m-&iia^^cJa^^3 5c 

[0 2 2 4] 'inh(DbhX\ LaSb. CrSb, C 
oSb, Cr3Te4, LaTes, Cr4Te5, Cr2T 
63, Cr3Te4, CoTe, Co3Te4, Cu2T.e, 
CuTe, Cu3Sb. MnTe, MnTe2, Mn2S ; 
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[0 2 2 5] ^miAj&^CD 

^mm^^i^^ti^m^m. mm. mm. mm<Dti 



10 v\ 



10 2 2 6] Mmi^fi^^7^<Dmt \.Xm-<tz.w\U(D^^(0 
10 2 2 7] 



V 

v" 
v' 



= 2 596 
= 3 596 
= 5 OX 



1% 
296 
6% 



20 



30 



[0 2 2 8] mmmnm'p(D^mj^^t^^<D^^m) 

MWit. ^'-i^v^•I7-Srl 5%iS!< uyhJ^8cb^^^ff=•el 

[0 2 2 9] 



a = 3 Om^% 
a = 4 OMT-% 
a = 5 0J!l-7-% 

= 6 om^% 

T-r^:itA-^^A>'otZo XoX. 10m^%^a' ^5 

[0 2 3 0] i^simj^M'^cDmmmmm) mmi^.i^'A(D 



5^^^% 4x1 cm 

1 011^%. 1x1 QSlHl 

2 0Jl-7-% 1. SXIOSIHI 

3 01^^% 2X105|Hl 

3 0 d B 

3 0 d B 
2 5 d B 
2 3 d B 

An= ( I ni -n2 I /m) XlOO, 
Ak= (|ki-k2|/'ki) XlOO 

[0 2 3 1] 
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4#F^5p 7-223372 



49 



50 



( ) 



f J 



1 o5|p]#$mx^os^{&-§-oc/N 



A k. 


A 


n = 


1 0% 


4 9 d B 


A k, 


A 


n = 


2 0% 


4 8 d B 


A k, 


A 


n = 


3 0% 


4 7 d B 


A k. 


A 


n = 


4 0% 


4 6 d B 


Ak. 


A 


n = 


5 0% 


4 3 d B 



m ©HAn, A ktt/h$v^:^ds$f*Li/^:ii:*s^d»o 

[0 2 3 21 iMm^M^j^<D^iiim<Dmf& • -tm) mm 

LfcC r4Te5/^i:'©i«S!t;^J*^(i. 1211 (a) (b) 

(c) iz.7jk-rxv^j:Mmx'mmm3(Dp^mc^m-t?)o 

[ 0 2 3 3 ] 1 ( a ) T-f4. #m<^iK^<^Ji;Stl-^J*^ 

^5>*5*a^«5> 3 a T-foSc Mm^!^^j^ 3 b ©HE;^ 
il5Sl!;fefi£^3 b<DWffi!|^<Ofo5fc<D{±. fB«il^3«> 

10 2 3 4 1 El 3 (Omi^X'ii. mm^S^"^ 3 b flC r 4 
Tes. *a^'fki^:$^3 a f±Ge2 S b2T 65 J; >9^oTV'' 
5. 

10 2 3 5] mi (b) T-<4, 4^m<omWi:^}&i^3h(D 

{4. lai (a) 0#-g-t|^CT-fe5„ b**L, itSSIl^.^ 
^9-3 b;55fet>t{r^fffflUTVN;5^.;iS^;^eoTV^^o f 'tc^^ 
J^Bli-^^^3 b(^MB;^lR](D5:^ J;t9 SIffitcS 

:i^^c/j:oTV^5o iKiSfe^fife^^S bro^ttiifeofeS'bro 
tt. IB«il:lll3<D-:;^<0#ffitC^UX*3l9. fi!l«)fe5'b«> 

[0 2 3 6] [211 (c) T-{1. ^i5:COi^iit^.^^3 b<7) 
3i*3tc:^;fiJUTu^S, ^St^fife^ 3 b *s^?L 

n^ic^mv. * roitGik^^^^ 3 b <o#m<o/h?Lro 

«4^(^ii5it/??s/;5c^ 3 b {4, ISW 3 <DM:^<^#ffitc:^L 

lli3 4>tC:9-*U-ri/^S„ ^co^KMtt, Ell (a) (Dm^ 
tC*JI,>T, tB^^b^^>3 a iiiiSll^,fi)£^3 b t^M^m 

[0 2 3 7] ^Sm^ft-^^O^igB^Biklfefl^t^ J: "9 , [gll 

(a) ~ (c) (Dii^m<7:>^^-tfit^*^tiim.ir^AK v>-m 

So 



[0 2 3 8] r<D^I^(::*5V^Ttt, mmLMf$.^3h<Dm 
[0239] mm (a) *Jj:tJ« (b) COi5^-^ i^^ 

^^4>3 bcDWtbfe/is®i:LT^^i-54i-a'. 0 2 

(b) <D±ptd. fs^iy^3<o^^-f;^^*»-;^<^#B*»bfB 
«iiii3<Diji/¥T<D (1/3) ^Dliggti/t♦^^f?Si^yt^4K-c♦la 

[0 240] r^:^^3#^fed ' J tt, Jr^i^WJctt. m 

20 2 (a) ©i^tc, ^lS2(6|«lrBJC*3tt5?i^4^dSR?l^* 

[0241] Fit; ^ h J tt. iBiikj^ 3 <Dmm\^mm^m 
m (Sir. m2&mwrmi:\^^o) ^#;t, ^<Dmmi^^ 

V^T. #]^lt^^^3 b(^tffttli^COl5^l^3(D!llB{vlS 
30 [0 2 4 2] :i<D TjiS^hJ {4, El 4 (a) {C7ji-f-Xo 

tc, n^(Dj^mi^^^3h(Dmm^^^-r^m-^t. 
El 4 (b) iC7ji-rx7i^. 3 b to*f tb 

[02431 r^^^h'j, Fiii^h' ' J mm 

ri^^hj t[RlC#x.;^T-fo5;4S^ E!4 (c) {CTjk-rX 

0 {ca*fe(os;sii^.fife^ 3 b (oisvmmt^^mm 3 n^i^n 

^0 [0 2 4 4] rcj^yL^FtaSggl i J 14, El 2 ( a ) tC^-T J: 
mIfEmiS2|SISfS«-:fctt2), P^-T 5 2 o<7Di^gl! 

[0 2 4 5] rgr:^c?L^i*p' ' J (4, Ell (c) 
-r J; ^ tc, #7L®<7)i^i!t^,;i£^ 3 b *s^ffffi-#-S^-&t-il 
ffl$tt5'b<7?T% mriS^i£JPS'fffitc*3ttSi«S!l:;^.i?)ti> 

[0 2 4 61 rft;)c7LTt-&p ■ ' J f4. 

<4. El5«7>J;^tc, ^i^WStc*3»tSM*fe/6sp3j]^ 
JO *:tf4Rff^{ci£t^#^l4. 7L«^il:tl^ite*L, IgRJl^* 
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52 



[0 2 4 71 rft;k:igff$wj tt. 



J; 19 1 5%iSi< LfcMbv^^{4=T'i o^iHlfttJfexfcm 
[0 24 9] 



d' 


= 5 0 n m 


2 X 1 O^Ial 


d' 


= 3 0 nm 


2X1 O^lHl 


d' 


= 1 0 nm 


2X1050 


d' 


= 5 n m 


1 . 5X1 050 


d' 


= 1 n m 


4X1 0*0 




1 0 


5 0S#^^^CDM{t-§-O C/N 


d' 


= 8 0 n m 


4 6 d B 


d' 


= 5 0 n m 


4 7 d B 


d' 


= 2 0 nm . 


4 9 d B 


d' 


= 1 5 n ra 


4 9 dB 


d' 


= 5 n m 


5 0 dB 



:i«Oii^;^J: "9 . Snm^d' ^ 5 0 nmO®SffldS$f*L 

[0 2 5 01 04 (b) roi^t-. attcDiS5Si;v^.^^3 

[0 2 5 1] 



[0 2 5 4] 



h' 
h' 
h' 
h' 



= 20 nm 

= 10 nm 
= 5 nm 
= 1 nm 



h= 3 0 nm 
h = 2 0 nm 
h= 1 0 nm 
h= Onm 



2x1 O'0 

1. 5X10*0 

1 X 1 O'lU 
4X1 0*0 



1. 5X1 0*® 
1X1 O^E 
4X1 0*0 

ti' * (Drnmam^i^^' 



30 



Z.(D^^X^. 1 Onm<h<^|i5ffl^i^^f*LV^rt^S5> 
[0252] 114 (c) <DXoi'. ^Vt(D^m^!iii''^ 3 

b iimmm s <D)fm<D^mj: ^ mm i^tcm-^. mmm<o 

[0 2 5 3] 



w(Dig:^J;i9, Snm^h' , h 
[0 2 5 5] ri^i,L^F^£ggt i J ii^m^^^^. 

t LT c u^juiDmiti^ J; 5 1 (^-Cfo So 

[0 2 5 6] 



h' =2 0 nm 
h' =1 Onm 
h ' = 5 nm 
h' = Inm 



2X1 0*0 

1. 5X1 o^m 

1X1 0*0 
4X 1 0*0 



40 



i = 1 2 0 nm 
i = 9 0 nm 
i = 7 0 n m 



8 X 1 
1 . 5X1 050 
1 . 8X1 0*0 
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54 



= 6 0 nm 
= 4 0 n m 
= 1 5 n m 



1 o^m 



= 7 0 nm 
= 4 0 n m 
= 3 0 nm 
= 2 0 nm 
= 1 5 n m 
= 1 0 nm 
= 5 n m 
2 0 nmS i S 9 0 nmtD^ 

[02 5 71131 (c) Oi^t-. ^mj^^6^ 3 hTbm 
[0 2 5 8] 



p 
p' 
p' 
p' 



= 50 nm 
= 6 0 nm 
= 8 0 nm 
= 10 0 nm 



1. 5X1 0»lHl 
1. 5X1 O'lHl 

ixio'm 

4X 1 0*111 



2X1 05[hI 

2 X 1 05[5] 

2X1 0^\b\ 

5 0 d B 
5 0 d B 
4 9 d B 
4 6 d B 

4 5 d B 
4 4 d B 
4 0 d B 

[0 2 5 9] ^TLgcDiiigii^^^ 3h<D im±mm^ 

± i: UT C U'-^yi'O^fbtc J; S t <^T-fe -So 
[0 2 6 01 



20 



^ 8 0 nmrolEH^i^if * bl/^:i i * 

1 osi5i^§ife;tf^(DH:&{t-^<^C/N 



w= 5 n m 
w= 1 5 nm 

w= 2 0 n m 
w = 3 5 n m 

[0 2 6 11 immj^m^(Dm^. t (omm) ^mms ^ 

{C^Wffl-rSiiiSll^^^B b»M^ (m. p. ) 
[0 2 6 21 



5 0 dB 
4 9 dB 

4 6 d B 
4 0 d B 

30^(DmMtm-t\^<. 9 3 0° CSX±<DmW:A^^^&i^l^ 

[0 2 6 31 mmM.!^^3 h^mmvtz^<Di^^^ (*a 

[0 2 64] 



m. p. =6 0 0° C 

m. p . =7 8 0° C 
m. p. =9 3 0° C 



7 X 1 O^lHl 
1.5X1 O'HI 

2X1 o'la 



40 



m. p. <7>M=0* C 
m. p. (Dm=l 5 0° C 
m. p . <DM= 3 0 0° C 



L<. 3 0 0' 
[0 2 6 5] 



Mj^.comm 5 0° cei±(Dm.mmi-t. 



t(omm) U^io' c<D-:SMr'#rab. f^^Bit<o so 



7X1 O^IH 
1 . 5X1 05[p1 
2X1 05(51 

^3 b t^m\L^^:L-t\m.l§~.f^'7^3 a (D'^^aitUmcD 
[0 2 6 6] 
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B= 5- 
5 = 1 0* 
s = 3 0' 
S=4 0" 



C 
C 
C 
C 



1X1 O^lHl 
1. 5X10*111 

2x1 o^m 



<, 3 0" Ci^A±(^t5la;0SJ:t»^^*Lv^r tiis-jj.;^^^ 
10 2 6 7] (^IlB#«*$-tir5iSS!6^fi£^<tCOM 

c ' = 0 nm 5X1 0*lal 

c ' = 1 nm 1X1 O^IhI 

c ' = 5 nm 2X1 O^E 

c'=lnm 47dB 

c'=5nm 47dB 

c'=10nm 46dB 

c'=20nm 40dB 



[0 2 6 8] 



rtOig^J; t). 1 nm^ c 

[0 2 6 9] {^(om) ^<D-mmmx'\-t. ^mm2i6i: 

Wf^m^^Zn S-S i 02(CJ: (9?i^^b-CU^Sd^ 
Z n S - S i 02 (C{txT. S i -N^$i-^, S i -O 
-n'^h^Pc, Si02, S i O, TiOz, AI2O3, Y 
2O3, CeO, La203, In203, G e O, Ge 
O2, PbO, SnO, Sn02, Bi 203, Te02, 
WO2, WO3. Sc2 03, Z r 02ti:ii<7:>^i\J^, Ta 
N, A 1 N, S i 3N4, A 1 - S i - li^^^ (^Jx.<i 
A 1 S i N2) /.CifO^-ft;*^, Z n S, Sb2S3, Cd 30 
S, In2S3, Ga2S3. GeS, S n S2, PbS, 
B iiSifaifO^Wf^. SnSe2, Sb2Se3, Cd 
Se, ZnSe, In2Se3, Ga2Se3, GeSe, 
GeSe2, SnSe, PbSe, B i 2 S e 3 (t'tOi? 
^Wbt)> CeFa, MgF2, C a F2 /.t ir'O^-fkl^, 
&2)U^{lSi, Ge, T i B2. B4 C, B, C, *fc 

[0 2 7 0] '^FBi®4?^mufci^^(ctt, ^mmm'^ 

m 3 0 %^ST ff^x.^ !? tS^J 5 d BiiAP L/c„ -/O 

{0 2 1 1\ ^mm4:<DmW1)^\. 7liX±. 2. Slit 
TtOjSHtllfcSm-^, mmr!>^3 nm.Sk±. 1 0 0 nmIJA 
TCO^Il. *5J:051 8 0 nmU'.-h, 4 0 0 n mJIJATOSS 
mX\ ^Mth5 0 d BJ^t±<^C/N;6S#t>ixfc, 

[ 0 2 7 2] r tO^Jfe^^ijT-S^S 5 {ilfflV^fcA 1 -T i 
(Dft*P<9tc:, Au, Ag, Cu. Al. Ni, Fe, C 
o, Cr, Ti, Pd, Pt, W, Ta, Mo, Sb£D 



[0 2 7 3] zcommwixi-x. mmKm.m. v^y^^^ 

^ffl^^TV^S*s. ^(D{X\:>^\7L, 7Ky;^U7-fV, 
[0 2 7 4] 4'FBlli4, Slt^5 43j;t/f*li^2(7)-a5 

^Bis. sigi/ia^i^3/tt'FB^ji4, m^ixmmm 
[0 2 7 5] ijJi±ai'<fc cfc 9 :L<DmM&i(Dmmt&m 

iMm±<D^^m(Dm^m^t'^'^niX'$y^o * 

[0 2 7 6] [MMm 2 ] ICOSb-Te-Oe 
-C r ^Oi5^|]I5^::io^^T, G e I n T-±^F|5®^ b 
fcbOlC+B^-rS Sb-Te-I n-Cr ^©C r 12 I 
n35Sbi2Te40, -t"?tc^*j (Cr4Te5) 2 ( I n3 S 
bTe2) 7iCj;i9|2M5^^«Lyc^.i^A^M4, ^JiS^J 

[0 2 7 7] (C r JSA^'f-(7)5E;^CO,mfij<;<t<^M^O Cr^ 
25Crioi:Sb3oTe6oCrio ^,^g^ii:,ia_hT*ft!l<^m;?K 

(^^Sa^B^bMi:, 8 0' c, mnmLm9 o o 
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Sb3oTe6oCrio 
S b22T 651 I ni7 C r 10 
Sbi8Te47 I n25Crio 
SbioTeas I nisCrio 
Sb7Te33 I nsoCrio 
S b2T 68 I neoC r io 

Sb22Te5i I ni7Crio 
S b 1 8 T e 47 I n25 C r io 
S b 10 T 635 I n45 C r 10 
Sb7T6 33 ln5oCrio 
SbzTesIneoCrio 

[0 2 7 9] C r-^«S:-3et LT. mCE.n^m<D 
Sb65Te25Crioi I n47Te43C r i o Sr/^^jl!^±5K 



58 



* [0 2 7 81 



C 
C 

c 
c 

c 

317 — U— h<D^it 



1 2 0° C 

14 0° 

15 0* 

17 0° 

18 0* 

2 2 0° 

2m 
2m 
2m 
. 5m 
4m 

^tUmt. 8 0° C, ta*fM9 5%tf 1 0 0 OH#F^ 
[0 2 8 0] 



20 



S b2T 6 42 I n46C no 2 10° C 

S b4 T 642 I n44 C r 10 2 0 0° C 

S bsT 641 I n4i C r 10 19 0* C 

S bisT 6 39 I n36C no 18 0* C 

S baoT 634 I n26 C r 10 15 0' C 

S b38 T e 32 I n20 C no 13 0* C 

S b4i T 632 I ni7 C no 110° C 



S b2 T 642 I n46 C r 10 
S b4 T 642 I n44 C r 10 
S bo T 641 I n4i C r 10 

S b 1 5 T e 39 I n 3 6 C r 1 0 
Sb3oTe34 I n26Crio 
S bssT 632 I n20C no 
S b4i T 632 I ni 7 C r 10 

[0 2 8 1 ] I n(^-B^*P (k S bOO-aWixOit (p ★ 



sm 
sm 

2m 

1. 5m 
1. 5m 
im 
im 

★/x) ^rgg-fk^-frSi:, 8 0* C. ffi*fS^9 5%4'J- 
1 0 0 0NfF^SV^fcB#Ob*y h • ^7—1^— hCD^Yt 

[0 2 8 21 



(p/x) 


= 0. 


5 


(p/x) 


= 1 . 


0 


(p/x) 


= 2. 


0 


(p/x) 


= 3. 


0 


(p/x) 


= 4. 


0 



(p/x) 



I n(D'^^Mp t S b O-^W* X (??J:k 
1. Og (p/x) ^3. 0<O®SfflT-fc 



3. 
2. 

2. 
2. 
3. 
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om 
om 

om 
om 
om 
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[0 2 8 3] C r ilrCu{Cftx.7ttro, ^-jfe^P*, I n - 

S b -T e -C u^{r*3V^T. mUi^ I n GO-^^Mp t 

10 2 8 4] mmm^(^i\k<Dm) ta^w^T-fes 

I n3 S b T e2(D— g|54-G 62 S bzT 65, GeSb4T 
67, GeSb2Te4, I n35 S b32 T 633, I nsi S 
b26Te43(D5'^)(J5^>/.C< it— 01?M#ii;iT'b, I 

[0 2 8 5] mmMf3^^com<Dm) mmM-f^i^x^h^ 

C r4 T e6<7>— g|5^ L a T 63, LaTe2, La2T 

63, La3Te4, LaTe, La2Te5, LaSb, 
La4Te7, LasTe, La2Sb, LasSbz, La 
Sb2, LasGe, La5Ge3, La4Ge3, LasG 

64, LaGe, LasGes, Ag2Te, Cr5Te8, 
Cr2Te3, CrSb, CraGe, CrBGes. Or 
iiGea, CrGe, CriiGei9, PtTe2, Pt4 
Tes, Pt5Te4, Pt4Sb, Pt3Sb2, PtS 
b, Pt3G6, Pt2Ge, Pt3Ge2, PtGe, P 
t2Ge3, PtG63, NiTe, NiT 60.85, Ni 
Sb, Ni3Ge, Ni5Ge2, NisGea, NiG 
e, CoTe2, CoSb2, CoSbs, Co5Ge2, 
CosGea, CoGe, CosGe?, CoGe2, Si2 
Tes, SiSb, SiGe, CeTe, Ce3Te4, 
Ce2Te3, Ce4Te7, CeTe2, CeTes, Ce 
2Sb, CesSbs, C64Sb5, CeSb, CeS 
b2, CesGe, CesGes, Ce4Ge3, CesG 
64, CeG6, CeaGes, CesSis, CeaS 

i2, Ce5Si4, CeSi, CeaS is, CeSi2, 
CraSi, CrsSia, CrSi, CrSi3, CrS 
i2, Co3Si, CoSi, CoSi2, NiSi2, N 
iSi, Ni3Si2, Ni2Si, Ni5Si2, NiaS 
i, Pt5Si2, Pt2Si, PtSi, LaSi2, A 
gain, Ag2ln, Bi2Ce, BiCe, BiaCe 
4, BiaCes, BiCe2, CdiiCe, CdeCe, 
CdseCeia, CdsCe, Cd2C6, CdCe, Ce 
3 I n, Ce2ln, C6i + xln, Cealns, Cel 
n2, C6ln3, C62Pb, CePb, C6Pb3, C 
63Sn, CesSna, C65Sn4, CeiiSnio, C 
eaSns, CeaSnv, Ce2Sn5, CeSna, Ce 
Zn, CeZn2, CeZna, CeaZnii, CeiaZ 
nSB, C e Z ns, Ce3Zn22, Ce2Znt7, CeZ 
nti, Cd2iCos, CoGa, CoGaa, CoSn, 
CraGa, CrGa, CrsGae, CrGa*, Cu9 
Ga4, CusSn, Cua.Zn, Bi2La, BiLa, 
Bi3La4, BiaLas, BiLaa, CdiiLa, C 
di7La2, Cd9La2, CdzLa, CdLa, Gas 
La, Ga2La, GaLa, GaaLas, GaLaa, 
InaLa, In2La, InsLaa, InxLa, In 
La, InLa2, InLaa, LasPba, La4P 
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ba, LaiiPbio, La3Pb4, La5Pb4, LaP 
b2, L a P ba, LaZn, LaZn2, L a Z n4, L 
aZns, La3Zn22, La2Zni7, LaZnii, L 
aZnia, NiBi, Ga3Ni2, GaNi, Ga2N 
ia, Ga3Ni5, GaNi3, NiaSn, NiaS 
n2, Ni3Sn4, NiZn, NisZn2i, PtBi, 
PtBi2, PtBi3, PtCd2. Pt2Cd9, Ga7 
Pt3, Ga2Pt, Ga3Pt2. GaPt, GaaP 
t5, GaPt2, GaPta, In7Pt3, In2Pt, 

10 InaPt2, InPt, InsPte, In2Pt3, In 
P t2, InPt3, Pt3Pb, PtPb, Pt2P 
b3, PtsSn, PtSn. Pt2Sn3, P t S n2, 
PtSn4, Pt3Zn, PtZn2, A 1 S, Al 
2S3, BaS, BaC2, CdS, C04S3, Co 
9S8, CoS, CoO, C02O4, C02O3, Cr 
2O3, Cr304, CrO, CrS, C r N, C r 2 N, 
Cr23C63, Cr7C3, Cr3C2, Cu2S, Cu 
9S5, CuO, Cu20, In4S5, In3S4, La2S 
3, La203, M02C, MoC, Mn23C6, Mn4C, 

20 MmCs, N i O, S i S2, S i O2, Si3N4, Cu 
2Te,CuTe, CusSb, Mn2Sb, MnTe, M 
nTe2, MnsGes, Mn3.25Ge, Mn5Ge2, M 
naGe2, GeaW, Te2W, AlSb, Al2Te3, 
FeaGe, FeGe2, FeSb2, Mo3Sb7, Mo3 
T64, MoTe2.PbTe, G e P d2, GezPds, 
Ge9Pd2S, GePds.PdaSb, PdsSba, Pd 
Sb. SnTe, TisGes, GeaiVn, Ge 
sVn, G63V5, G6V3, V5T64, V3Te4, Zn 
Te, Ag2Se, Cu2Se, Al2Se3, InAs, 

30 CoSe, Mn3ln, Ni3ln, Ni In, Ni2l 
n3. Nialn7. PbSe, ±^Mm^^^(Om^7t 

[0 2 8 6] :ztlh(r>z> 'hX'^ LaSb, La2Te3, 
La3Te4, CrSb, CoSb, Cr3T64, Cr2 
T63, Cr3Te4, CoTe, Co3Te4, Cu2T 
e, CuTe, CusSb, MnTe, MnTe2, Mn 
40 2 Sb, C T iT es(Do'h<Dip-^J:< hi^—^:/)^mzt^-i 

10 2 8 7] rcDiijs0ij{c:*3u>T:fe, vfta-r^Wim^^ii^ 

^3 b{i'fb'g-4^T"b J:v>L. n.mmt$^-^-^-^X-h^^\ 

[0 2 8 8] (i^ii!ii^,fi£:9-o^^^(^fi) mmM itm 
50 mm^m<Dm^f\^^<X'^t£ii^^t^^ . mm\^f^^^ii:^ 
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[0 2 8 9] fs:is. z.z.x-m^x\>^fj:\i^m-mt. Mmm 

1 .tm^T-feSo 

[0 2 9 0] mi&m 3 ] l<?3Sb-Te-Ge 
-C r ^(7)fB®K5(C*iV^T. MIS— ^itT'B*;fe«X 
■C-^$tb55c^i: tr, C r(c{-<ix.-CC o*5j:a«S i ^ 
-g-tf S bi6Te39G eisC 022 S i 8i-7iCt?*5 (Co3S 
i) 27 (Ge2Sb2Te5) 2 8 ± I? fE^Bl 5 ^?FM L 

10 2 9 1] ^<ommmx\t. 03 s 

is *al^^lifi)t^J4Ge2 S baTesT-foSo 
[0 2 9 2] S b^EtT e*fG e CO-^^fix, y, p Oit 
: y : p = 2 : 5 : 2{C^^oTC o3 S i (D^^M. 
a (HJSfinj 1 (75 a (C*fJS) ^^^-fb^-frfc i: 

[0 2 9 3] mmiti^i^<7i{^(om) tB^^b^^^-c-fes 

G 62 S b2T e5<D— g|5*/tli±^^G e S b4T 67. 
GeSb2Te4, InaSbTea, InssSbaaT 
633, I n3i S b26T e43(Z)p *>CDiiJ-?Jc< 1 1> — ^"t?a 
^m^T-b. G & (D~ni^1i.\-i.±n^ I ■n.\Z.m.^i^7LX 

[0 2 9 4] (i^St^^i^romroW ^i!-;^fife:»-efe5 
C 03 S i CO— ]^Sfc{i^gi5SrC 85 S i 3. CesS 
i2, Ce5Si4, CeSi, CesSis, CeSi2, 
CrsSis, CrSi, CrSia, CrSi2, Cr3 
Si, CoSi, CoSi2, NiSi2, NiSi, N 
i3Si2, Ni2Si, Ni5Si2, NiaSi, Pt5 
Si2, Pt2Si, PtSi, LaSi2, Bi2Ce, 
BiCe, Bi3Ce4, BisCeS, BiCe2, C d 
tiCe, CdeCe, CdssCeis, CdaCe, Cd2 
Ce, CdCe, Ce2Pb, CePb, CePba, C 
eaSn, CesSns, Ce5Sn4, CenSnio, C 
eaSns, CesSn?, Ce2Sn5, CeSns, Ce 
Zn, CeZn2, C e Z n3, Ce3Znit, CeisZ 
nsB, CeZns, Ce3Zn22, Ce2Zni7, CeZ 
nit, Cd2iCo5, CoGa, CoGa3, CoSn, 
CrsGa, CrGa, CrsGae, CrGa4, Cu9 
Ga4, CusSn, CusZn, Bi2La, BiLa, 
Bi3La4, BisLas, BiLa2, CdiiLa, C 
di7La2, Cd9La2, Cd2La, CdLa, Gae 
La, Ga2La, GaLa, GasLas, GaLaa, 
La5Pb3, La4Pb3, LaiiPbio, La3Pb4, 
La5Pb4, LaPb2, LaPba, LaZn, LaZ 
n2. LaZn4, LaZns, La3Zn22, La2Zn 
17, LaZnit, LaZnis, NiBi, Ga3Ni2, 
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GaNi, Ga2Ni3, Ga3Ni5. GaNi3, Nis 
Sn, Ni3Sn2, N i 3 S n4, NiZn, NisZn 
21, PtBi, PtBiz, PtBi3, PtCd2, P 
t2Cd9, Ga7Pt3, Ga2Pt, Ga3Pt2, Ga 
Pt, Ga3Pt5, GaPt2, GaPts, PtaP 
b, PtPb, Pt2Pb3, Pt3Sn, PtSn. P 
t2 S n3, . P t S n2, PtSn4, PtsZn, PtZ 
n2 

mw.BX'^t>^nz>7tm^2^j.±.-^ti%mm\:.^ 

[0 2 9 5] rr-ca*'<TV>/i^v>*:S^^:o^^T^i, UM 

[0 2 9 6] C^JS^!l4] 

^-Tc ^<o^W\-i.t^<D^^\z.\^xmif^i^x^tz„ 
[0 2 9 7] ^ M 13cm. W-^ 1 . 2 mmT?^ 

m-^miii-r^fzit>. S^l Sr-^i/^- K d:^ • :^^<y'? D 

[0 2 9 8] -^if^- hn>' • V l^ii^mUKX 

!9. S*Sl±(C*-f (Z n S) 8 0%- (S i O2) 2 
0%. -t^^^iblb (Zn4oS4oS i70i3) 
30 mm 2 SrMl?:*^ 1 3 0 Tim.tfj:^ii^ lc?f^^ Lfc„ ggV^ 

x^^mm2±ic, mm^f^^xh^cTAT esm m 

^^i") ^Ai^iC^i^mmSnmi^X^mVfzm. *0 
±(CC r9G 67 S b27T 657, irf£ioib ( {GeSb4 
Te7) 8 (Cr4Te5) 2) (T^ffl^COfB^fll 3 
2 2 nmST'fl^^bfCo ^©1^. C r 4 T e 5 — ^ h 

i:G 6 S hiT ei^—V-y htl,c^:bm^m'^:^^<y^ 

[0 2 9 9] CtaT esmi-i-E'-ri^hMj$.-r^£!i>mitf£ 

[0 3 0 0] JJctC, |24@!tli^3±tC, (ZnS)8o(Si 
O2) 20^J;t5/j^5'^'FBl^4i£rji;^4 0nmO^/i:4-efl^ 
^Uy-cft. ^(D±{cmC:^^<yf' }) >i^mW.P^XA 1 97 
T i 3fliJ; jfc^Sttii 5 >kmm2 0 0 nmST'JF^i^JciL 
tco ^l^bT, mit^r'-i'x^iJ'm^-^^^tfc. 

[0 3 0 1 ] fiii:^, ^'^tL<mm<D^^^iic^y) . ^i<o 

50 tco ^2<D7'^ y^^nm-t. illfllScm, Jfi^l. 2 
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mmK)S*El.' itdlltcaS^ttfc. 3 0nm 

(D (Zn S) 80 (S i O2) 2omi:^fj:^mm2' 
¥±9M3 nm<Z)C r4T es^ (U^it-T) . 2 
2 nmCDC r 9 G 67 S b27 T e57s -t"^^*?*? ( (G e S 
b4Te7) 8(Cr4Te5) 2) (Z)|a®M3 ' . fliJ¥*i3 4 
0 nm© (Z n S) 80 (Si O2) 20^^ (3 /.CS't'PflS 
4' . *3j;t;«aiJi:2 0 0 nm®A 1 97T i 38iJ; »5?tC5 

[0 3 0 21 ^(Dm. mMMMG^lft-l^X. ffilEmiiS 

[0 3 0 3] r ©i^f^T'ji, 5 . 5 • (o±m^m 

[0 3 0 51 1 8 0 0 r p mT'lHl^^-a:, 

l^— f-* (&J:8 3 0nm) CD U — ■^^'^fe-''-°!7 — ^fE^gt/S^tf 

fSfiiSi^y Ktff^MP^ (NA) /5SO. 5 50U'>'X-C^ 
StSl ^^iiL-Cia^l^3Jcfl^ltLfCo fSliil^3;ei- 

[0 3 0 6] *-r. m^t<Ofz^. |a^^5(D|Bl-|2^i: 
hy^y^±i:i. />°!7— 1 5mW<Oii^ (DC) l^—'fyt 
5:2 0 OHfiBitLfcio €-lHlcDfiB#^B#rBl (3t>^3iKs/ 
B^PbI) f±, ^^0. 1 M s e cT-fo-5„ 

[0 3 0 7} m^X. -'•«!7-7mW<0a^t^— t^*3t^5 

{4, iii^jO. l/zsecffe5. ;i©B#(7)U'— »^'3t^•«!7 — 
{4 5 ~ 9 mWCO$G|lT-fctbfl<t V\ 

[0 3 0 8] HiJlE2«C0U— tf^tllSttc^^ /n!7 — 
t^^SV^:^ (7mW) <73R8|t«€f8&LT'b J;V^>ii5s ML 

[0 3 0 9] roJ:9lc:> /<!7-05^/^5 L — i^*3tS:^. 

[0 3 10] ^tih<D\^—f^mMii. u— r • 
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[0311] r^^^y -t 

[0 3 12] 2tc{C, m^^iy h<^l 2 mWroiiigg U- 
■tf^ (^D«8<bffl(^it5/-«l7-^) ^iM^-rs (Ra.MB# 
70 F^:^?>)0. l//sec) fed. yN!7— 1 5 mW(7)/NVl';^ 

$r7mW<Z>3giKl^— t>-*)t (?B*fflOi£^-?I7-^) ^Mtt 

[0313] :*^ffi^JC0x ^ "Cfi. 1 2 mWCOM 

u— r^tt^Mni^/i^ 1 ooH^-cfi. mMmm^-mM 

JS^u—^oMlc^ 9 . lE^BI 5 ^{z.-^mM.fi^^X 

mmit-r^u^) (Dji^mr-Mmf^^B^f^m^j^G e s b 
[0314] -7— m y i^mm:^^<Dm-^^m^ 

LT, 1 6 T (1 T{44 5 n s) CD^ffl-CIS^ h7 yi^ 

12^-?— t 8TO;^-<-;^(73;i^|93gL^c^^&-t-5^t-§• 
-g-. m^Atm^-Bt(D^y)^7m'^xtt-^--i^mm^ 

m \^xMtz.ss.mmmr^Jt!^ hinxmm l/c 'o . 
h(DmAfj:ucmmjmuwmtii\^xi^mAm<ti:-Dtc 

^0 i <9'>bJ[S^6{C^^^/^°!7— (15mW) igMit^l*'5jS 

bMUT*3< t . ±i5<^j; 0 t£^mm$.p^x(Dmt\-t 

50 I5I#:-t?fco7t„ 
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[0 3 15] i^Cfc, C r4Te50iSt^lil 2 5 2' CC 

fel9, Ge Sb4Te7tDi!!;A{*6 0 5° CT'fcSo 

[0 3 16] {G e^^ma tcom^hl : -G e S h* 
TeiHiSi) Ell 0(D^-^^m(DG essT e25C T \o t 
S b3oT eeoC r lO^^^^C r "g^^iSr— St LtzWM 
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[0317] 



;* 



SbaoTeeoCrio 


12 0* 


C 


2 0 OlsIiJilT 


Ge2Sb29TeSBCrio 


13 0* 


C 


2 0 OEUiT 


Ge4Sb2BTe58Crio 


15 0° 


C 


2 0 OlEl^T 


GetoS bzsTessC rio 


16 0° 


C 


2 0 OIUUtT 


Gei5Sb23Te52Crio 


17 0° 


C 


5 0 00 


Gei7Sb22Te5iCrio 


17 0* 


C 


2 0 0 0[i] 


Ge25S bi8Te47C rio 


18 0* 


C 


5 0 0 0® 



Z.(D^^§kiiK) . 0. 0 2^a^0. 1 9 0fflIliBtCi3V> 

[0318] (S b-^^»b iOM^l : -G e S b4 
Tevi^ifi) lai 0OH^lB!lC0Sb45Te45C noi: »^ 



^G eisT e72C rioiJ:^-StC r "g-^Tiilr— S t X^tz-BM 



[0 3 19] 



G ei7 S b2T 671 C r 10 

Gei7Sb4Te69Crio 
Gei4S bioTeefiC rio 
GeioSb2oTe6oCrio 
Ge7Sb26Te57Crio 
Ge5Sb33Te52Crio 
G 83 S b36T esi C r 10 
G 62 S b4oT e48C no 
:J;<9, 0. 04^bg0. 4<0|i5|g(CjoV'>-C. 

ttlE]^<Sri£M1-5 C h 1fiXi So 
[0 3 2 0] (T e-^^fic i:<7?M^l : -G e S b4 
Te7#i£) 1211 OOH^lB|g|i73S bi5Te7sC rioi: 
G e 30 S b 60 C r 1 0 ^^-£iC r -^^fiS:— Si X^fzMM.^ 





TfiSltlEllS: 


2 10* 


C 


5 0 0 Ole] 


2 0 0° 


C 


1 0 0 OIhI 


18 0° 


C 


5 0 00 


17 0° 


C 


2 0 oiauiT 


16 0° 


C 


2 0 oiaOT 


15 0° 


c 


2 0 omutT 


14 0* 


c 


2 0 OHIJJiT 


12 0° 


c 


2 0 0lHHy.T 



GbmS b36Te4oC rio 
Gei2Sb33Te45Crio 
G e 1 1 S b3i T 648 C r 10 
Ge8Sb27Te55Crio 

G e 5 S b 22 T e 63 C r 1 0 

Ge3Sbi9.5Te67.5Crio 

Sbi5Te75Crio 

::<73;S;i:i: "9. o. 5^c^o. 7 5<oiEll^;l*5^^T, 

^/■?!7-^^ftigfiIj; O 1 5%i«< bfcMbV^^{+T'l 0 

N) ^m<T'#5o 

[0 3 2 2] (C r -g-^id iO^-^ 1 : -G e S b4 
Te7Mi£) C r4T es<Da^fI5T'fcSG e*fS b*fT e 

1 05® 



iO !9 1 5%ii5< Lfc^LV^IfefrT-l OSES^^tfex/t^cO 
[032 1] 

1 05lH]#gr^^f-^ 

0.5Atsec 44dB 

0. 2Msec 48dB 

0. 1/isec 50dB 

0. liusec 50dB 

0. 5Msec 50dB 

1. OMsec 50dB 
3. O/isec 50dB. 

(O-^^&a, b, c<r>tti:, a:b:c = l:4:7JC 
i*oTCr4Te5i75-^«^^{k$-e:;^ci:#, l^—f^t 
(D/<V — ^M:MmXV 1 5%i^< uyc^Lv^^^tX* 1 0 

[0 3 2 3] 
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67 " 68 

d = 0 4 2 d B 

d = 3 4 8 d B 

d=10 50dB 

d=20 50dB 

d=34 48dB 

mmxr) i 5%iii< Ltcs&L^^^^i'i'-t^mitm^'k 2 0 aias^w^<^ft-§-<^j±*dB-t?^byt'b«)-cfc 

OlHl,!: LT, m-f-^llHlfB^m. 1 (Hj^-^^-^-r h L 5c 
fcB#c^M{f-§-» rj-g^Jtj {4, 9t^^<bU/c„ [0 3 2 5] 

[0 3 2 4] r^i^ltj ifi, fT-fillS^^ttfc * 70 

d=10 28dB 

d=20 25dB 

d=30 25dB 

d=40 20dB 

[0 3 2 6] ::oM:m:!9, 0. OS^d^O. 360ffii LjHk 

T-§:, i-—>fyt^<9-^MiMmX K) 1 b%%< Lfcl^U taSi: f^-;^7 — ig: 1 5%ii5< Lfc)^ bv^^#-r- 1 0 

v^^^4^T' 1 0S[Hl»irm;tfcm«?S^{t-^<biS:i^igt*l-M mm^WkK.fz.^^(D^±m^■(DC/m■i. ^<D^ 0 \cm 

^it (C/N) i^^<T'#5. {bLfc. 
[0 3 2 7] 7m}^W-t.fc\-f^ [0 3 28] 

(GeSb4Te7)95 (Cr4Te5)5 45dB 170t: 

(GeSb4Te7)90 (Cr4Te5)io 4 8dB 1 7 

(GeSb4Te7)8o (Cr4Te5)2o 5 0 d B 16 0°C 

(GeSb4Te7)65 (Cr4Te5)35 5 0 dB 1 5 

(GeSb4Te7)50 (Cr4Te5)5o 50dB ISOtJ 

(GeSb4Te7)4o(Gr4Te5)6o 4 9 d B 1 2 Ot: 

r<^r^mJ:'3> 20^k/'(j+k) ^ 4 0 (^SSiffldS^Ef -kK.^ t . W^^^'^m^^t . U'-^^(D^<9 -^MM 

*bv^:li^5:9•/5^ofc„ mX'O i 5%ffi< bfc:Mbv^^{t-r- 1 05[H]*#^xfc 

[0 3 2 9] (fi5cl]lB#tc®*$-ii-2)ffig4^^^iwBI ^coH!t{t-§-<7)C/N{i, jski^ipi^^-fbbfc, rcoc 

* Oii5St;^.fig^C r 4 T e 5 (^spj^HJ?: z i^JSfeiO J: 9 ★ [0 3 3 0] 

z=Onm 5X1 0''|e1 

z=lnm 1X1 0^\B\ 

z=5nm 2X1 O^Ih] 

z=lnm 47dB 

z=5nm 47dB 

z=10nm 46dB 

z=20nm 40dB 
:L<D'i^^Xy). 1 nm^ z ^ 1 0 nm<D$5ia>4W* SMK) ^ O^JgfJi]T-|i. 2 iD^f^Pal^ 4 Z 

ZLiiii^^ii'^otZo n S-S i 02(r:J; iSff^fiKLTV^STJS. ZnS-Si02 

[0 3 3 1] (^<Dm. ^mmts^wmmtsxxj^5.M so tc-f-^cxT, si-N^$^i^. si-o-^^un. si 
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02. S i O, T i O2, TaaOs, AI2O3, Y2O3, 
CeO, La203, In203, G e O, Ge02, Pb 
O, SnO, Sn02, Bi 203, Te02, WO2, W 

03, SC2O3, Z r 02=fei:*<D^'fb#I, TaN, Al 
N, S i3N4, A 1 - S i -l^^UPc {MK.\tA 1 S i 
N2) /.CifO^-ft;!^, ZnS, Sb2S3, CdS, I n2 
S3, Ga2S3, GeS, SnS2, PbS, Bi2S3, 
ti:}£(DW\M. SnSe2, Sb2Se3. CdSe, Z 
nSe, In2Se3, Ga2Se3, GeSe, GeSe 
2, SnSe, PbSe, B i 2 S e 3 if<^-fe l^>"fb 

CeF3. MgF2, C a F2?kifC0*{b^v fcSV^ 
fiSi, Ge, T i B2, B4C, B, C, :i7tf4. ±12 

[0 3 3 2] ^nMom-^. Z n S <^ 7 0 ^yl-%Ui±-a 
tfW*4x •^Jxfi (Z n S) 80 (S i O2) 20 i:. Si, 

Pc. mx\ts i , fcsv^fis i (omit^. M^its i o 
<*yhii>, Z n S - S i 02g(D;^S:ISiiiliI{ay{;i^{t, ^ 

<Dm^^3 nin&.±t-t^o *fc. S i O2 if O^tT? 

felC. 1 0 nmj^AT^^^J^bV^ ^(DZmmit^m 

{r^(tTt)J:v\ ■»SI^2<Df^t5»? i:UT*;iS i 02 7i 
if(0^(^;i[$dS5 0 nmiJi±2 5 0 n mEiTdSSf * L 
v\ ^rBl®Of^S*?!?{::2gmS:iettS#^l4. S i O2 

^©Blfftil 0 nmlJJl±8 0 nm^iiT^^^f^ 

[0 3 3 3] Z n S-S i O2 tStRftiJtCAu^ 

Au(OiXt>^i:ifctx.{iAu-Co, Au 
-Cr, Au-Ti, Au-Ni. Au-Ag/.CifAu 

[0 3 34] ^wim 4 ^m^y.tz.m-^kz.va^ ummm^ 

[0 3 3 5] 'l3rB^Ji4(7)®Jlf**n. 7J^Jl±. 2. Silil 
T<^$5ffl(-fo5^-^, )igi?:;i5 3 nmtA±, lOOnmiJ;^ 
T<^M, *3j;t^l 8 0 nmei±, 4 0 0 n miJAT<^$5 
mX\ ^iV^'tlS 0 d BJlJi±«OC/'N7iq#6tU7to 

[0 3 3 6] z.<DmMm-cs.ttim5^cmyf'*tcA I - T i 
(Ditih <o i^. R^m(Dunt LTfi. s i - G e m^-^u 

f£\,\ G e (D^mMi^ 1 0m^%Sk±8 011^%WTdS 
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[0 3 3 7] ^>:^^-r^ S i - Sn:^7tliS i - I nfS-^ 

2@i^JLJl(7?^i:-^«-itsf-e 
m(D^mm^ti)^'ox'^J:<. ^^^(D^mtm^m^^^m'^ 
X. m^Wi^'^mmmi!)mr\.tc\>\ 

[0 3 38] ^Pjfr, Si. Ge. C. Au, Ag. C 

u, Al. Ni, Fe, Co, Or, Ti, Pd, P 

70 t. W, Ta, Mo, S h (D^^^i^. t-tcitZtlh^ 

[0 3 3 9] roniSFd-ctt, SEtcii:^, h75/=^^ 

20 [0 3 4 0] ^mm4. Rinm5i3xxm'mm2(D—^ 

mms. s«i/fa^^ 3/^^34, mmixmmm 
^mmm^m^^mj:'oxh/-c:^±m'-'>^£<. ^ta- 
[0 34 1] &.±m^tix 0 z.<om:im\<r>mm^m. 

^'i5fe^cffi^^^) i^-- t^*3to/-^l7— ^s^< -C J; i 9 ?|J^ 
[0 3 4 2] j^j:43, :::iTi®'<TV^/j:v^*^tt. ^ISB^iJ 

[0 3 4 3] [||36S^5iJ 5 ] ^Jfe^J l(^Ge-Sb-Te 
-C ^^<7)|B^Ji5^c:*5V^TG esoT e5o;fl^#^fi(73^ 
^G e4oSbioTe4oC r 1 0 J: 5 L 

2 0nni. IBfiliM*: 2 0 n m. 't'FflaS: 4 0 n m. WM 
M?r7 0 nmJi^i^bfc. *^i|s|-f4, ^Jg® i;S#tg(C A u 

[0 3 4 4] (S b-g-^ab iOPt?- 2 : G e T eijfl 
^-ftifi) El 1 1 OOH^IaHi^G e4sT 645 C r 10 S b 
90 C r loSrS^C r^^fl:4r— Lytii:j^@J::T*Ma^ 

[0 3 4 5] 
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Ge.sTe^sCrio 50% 

Geo S b^Te^a C ru 51% 

GeioSbioTe^gCrio 51% 

GesTSbnTe»,Crio 44% 

G ess S bjo T ess C Tio 30% 



:iixj;l9, Ge Tei|Ifife#j£J^*JV^-C<±, O^b^O. 
2 (Dlsmx-MRMWim^' e>H5 :l ti)^i0i}>^1t. S b 
^0. oigb^o. 2(D^mx-^lyi\-t^t, 6 ota*f 

•So 

[0 3 4 6] (Ge, Te'^'tfia. 
G e T e ^afife^'+iff) 111 1 1 (?5H^tBI21© S b i o T e so C 
notOesoSbioC r io^,1g^C r -^Wft^— b 

[0347] 



(37) ^mW- 7-223372 

72 

GeisSbioTcssCrio 35% 

G €20 S bio T ego C fio 45% 

G 621 S bio T et2 C Tio 50% 

G 640 S bio T 640 C Tio 5 1% 

G Css S bio T e2» C r 10 46% 

G Ceo S bio T 620 C Tig 36% 

rHJ;!9, G e T em^#i£{C*3V^T(i, 0. 25^a 
^0. 65, 0. 35gc^0. 75 O^HT'ifiSStt^ 
JO ^:Amhi^^^tr>t:>t>■^tZo 

[0 3 4 8] (C r^^m d t<DmU- 2 : G eT em 
C iaT e5ff:>mUXh^G eMShMT e<D^ 
Wfia, b, ci^JtSr, a : b : c=4 : 1 : 4 tC-f^o 

!7 — ^ftMJ:*? 1 5%ig< LytMLl^^^T'l 050 

I (D^^Adi,cmi^Xllk<D^o^J:W^imhi^^tL, 
[0 3 4 9] 



1 05lil3:«|^O|f^^-§-CyN 
d = 0 4 2 d B 

d= 3 4 8 d B 

d=10 50dB 
d = 2 0 5 0 dB 

d = 34 4 8 dB 



mm.i: *) 1 5%M< bfcML^^^^4^T'?!]^'^kIlI^^2 o 



s*a»tfltrm<^ft-§-<^jt^dBx-^uytt>«7>i?fc 

50 [0 3 5 1] 



[0 3 5 0] r^-C- m^lti ttt-f-tftClE^^ttlt^t-^ 



d = 1 0 
d = 2 0 
d = 3 0 
d = 4 0 

C r<^-&«ddsl^iPt-5Jro;h.-C, ?M 

[0 3 5 2] :L(D'if^WzX.K> . 0. OS^dSO. 3 CO 05 

^Mffiit) 1 5%ia5< b/dMLi/^^f'l^T'i 05iH]*# 
lfe;tfc^Wl?^it#<^ffiBi^jg?*fi!stWlt (C/N) iSr6< 

[0 3 5 3] /^*3. r rT-xE'<-rv^JfcV^*lIfi, ^Jfe^J 

[ 0 3 5 4] imMn 6 ] ^JfeffiJ 1 (OUn.^ 5 ^ 

p^./^y^'B^rfl :?/<!7— (W) 



2 8 d B 
2 5 d B 
2 5 d B 
2 0 d B 

[0 3 5 5] (t?|/* • Mfi) mJlBi^ 

y C r 4 T es tJ' — ^ y h t G 

e S b4T 67^— h tiD|H]fe[HlB#;^y<3/^'jfe^fflV> 
fc„ :l<DU. i^i^lCC r4T e5fli^3 nm?f^fiS;LT*5 

^<^^2>:(C^^-rJ;9{-G e S b4T e?;? — y-y hid 
P|]*p-rS«JE<^:— ^{CL-. C r4T 65^' — h{cM 
-r -Sffi/E^^ ^ (c: Ttf -C V ^ o /to 
[0 3 5 6] 

3tAMiJji»60 Cr4Te5"^^ 
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GeSb4Te7^-f vh 
4 9 
4 9 
4 9 
4 9 
4 9 



7i 

) 0~9 

1 0~2 0 

2 1~3 3 

3 4~4 7 

4 8~6 3 

roffitfc, c r4T es^^-y^/ h(::EP*n-t-S 

^{dt. G e S b4T e7i?-y5/ htrM-fS 
ly^BWii^iS^f-^X, C TATesm^cOSifilirG e S b4 

[0 3 5 7] :L(D'r-f:^^lt. ^M0>1 1 <d X o li^MMM. 

[0 3 5 8] - :n-CKll'<T^^^cv^*::®{c•o^^Tfi. HJS 

mi tmm-r^h^. 

[0 3 5 9] mmm?: mi2i-±. ^mm^c^^brnm 

[0 3 6 0] El 2(73x-< ;^^'(oSii§j::fcfcoTI4, t. 
-f, iS^l 3 cm. 2mm(0, GflibT-ff ^;iS|2 

;^x-?y^y ::©fi*SJi{::l?$ i 2 

5 nm(D (Z n S) so (S i O2 ) 20^ 1 2 ^JI^J^iL 
i/Sio i^V^-C, C r4T es^'-y?/ hSriiJjgjKajJST'. G 

e S b2T 64 ^— Vi:&mm.m.X'mfi^::^^<y^i^ 
X. mm&^^tiil^mXh^ (Cr4Te5 ) 20 (Ge 

Sb2Te4 ) 3 3 0 nmff^fiSlLfcip (Z 

nS) 80 (Si 02 ) 20^14^2Onms Al97Ti 
3 ®15Srl00n nKDfmm^m^MS Ufco -tf^^, 

[0 3 6 1 ] -mc^ mumyt^mMir^t. mm(o^ 
x^^R^-t^ rg:#tiij i^istts^ttcj; t) . =f?^o 

iRIii: bTt>iV\ [II1COA197T i3 ® 1 5 tt, r.CD 

[0 3 6 2] =Fm<D^M^x<o±^<-t?>tcibiz.a. m 



(38) 



CrAles^-rvy Mlllilff (nm) 



^gflip? _ 2 2 3 3 7 2 



74 



15 0 




0 


~ 6 


10 0 


6 




1 2 


6 5 


1 3 




1 8 


4 0 


1 9 




2 4 


2 0 


2 4 




3 0 



5 0 
4 0 
3 0 
2 0 
1 0 

^mi^mmmtRmst(Drn^xm:s.tij:mi!)mz^<D^m 
10 jh-rsitffls iSLxy-Ki!^m^(om<Dm-f^m'p^^xm^ 

13 1 2<Z) (Z n S) eo (S i O2 ) 20 

^14 \-tz<D^mm(r>v^m^-t^o 
[0 3 6 3] mwm^m^m\.mmm:i z(r><i^^i:< t 
t-^-t^^sfi. m<Dii^m^^^\^xmM^tix\^^^(D 
' W4L<. mm<Dwmf)mm^tix\^^rnt^ hi^m^ 

t jisu L/c{*ii® Id J; 9 =fT o T t> .t >/ \ mm 

20 Hf 5 / -r xii^piSrKjt-rs t a^x^ 5. n 1 2 o 

(ZnS) 80 (S i O2) 2 0^ 1 2liwOi?:SI^<73f^ffl 
[0 3 6 4] MftSS^tb Lfl^ 1 3(75J?:^«. El 1 3 Id 
^l^tlo m2{c^:^tl^XoK. MJ?*5 3 0 nmCDi: 

{bfv^t^^BK4^SlwKM*3l;iss:^}-/^§fc»?), (C 

r4Te5 ) 20 (GeSb2Te4 ) aoMl 3 00^/1*^3 

io [0 3 6 5] ±m<D^oicYfmi^f^y'^ ^li^it^-r. ^ 

^^{b^ff'^^ofcfciT'-f 1 8 0 0 r p mflHl^ 

tL/cCVU-^/W (^^ImW) (di^-tj, Y^<D\^>' 
XT-ft5fe UTStg 1 1 LTi^^ffi UK 1 3 tdRBM 

itcof 'Wd^t^xKs/ h(^>'4''iL^*s^Jd-St-r5 J; 9 fd-^?' 

^ ib tdi@/5?{^|f tts LllM_htd«,4i: 9 J: ^ {d g mMM 

^dx^•r7— 1 1 mW<;DjgicU'— y-'^Sr 5lH]flB.MLfc„ r<D 
flSM^N°I7— (i9~l 8mW<75|5iiT'J;V\ gtV^T6mW 
<Djgig£U~-f-*^Sr3|H]R8ttL;t, ^<75m^-'!7-{14~ 
9mW(^flSSia-CJ:lr\ ±l5 2S^<7>BB,t+ttlliUJi±T-fe 

nf±*J;v'':iiS, >'-?i7— (DiiS^^^a9 0^#^li2[HIW±*sJ; t) 

[0 3 6 6] ffiSt^./*^^^tr®)!)?^^;^ttJ LSlT-fi. 

tuimmxhz. z<Drzi^^mm^itai&^<i7-x<Dm 

50 t^4ra^,e*)^d^TV^, l^— h^^yj^-htd^N-!? — 6mW(7?Ji 
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(39) 



<lt^mW-7- 2 2 3 3 7 2 



75 



/Co 6mW5 0 0lHl, llmWSHJO 

m^m L-^mmmmM bit. 
[0 3 6 7] ^tuboRSMtts ^mi^i^—fru^-cn 

lR|B#(^tT9 r t>"srHiT-fo2). h^lRl- 
[0 3 6 8] *fc, ^0«B<bC7)ft^(c, ftPelfC: h7 5'=5ri^ 

1 0 3 6 9 1 ®ft?^s&:i:t- J: ^mm^u^m boiga 20 

i:'c753fe;^5j^-y 3 2 a. 3 2 b fiS^ 1 o^Slc?!^^ 
[0 3 7 0] %:^-!f^y V^<D-m\^m^X\-i. M^Sc^ 

i^x. m^m^m(Dm^Un^tz\-t&m^k(D:P'fj:< t 30 

^t^^J^y h 3 1 F*9tc:tt2 0fi9|a«t-^— ^ 3 2 a . 3* 

^_^^j-^X (^m) MftB^i^ttlb 

m^h'O (dB) 



7d 

* 2 b*sfeStct>;6*;5»fc>p>-r^ bJl l 3 {:iJ: 

■oXWiUmms 5(^(Cfe^|2^-v— 3 2 b;6SEi^n-5 

^s/ h 3 1 OR?|^O^i|!o7i^e)-7^i^ <b bTi!)<$£ffl3 

3. -r/<c*p-^3t;=^^K5' h 3 1 i:i^s.^ig3 5(Dmmmm 
[0 3 7 1 ] mnmrn^tHL^nou^T^xit. u-ify? 

!7-^8mWfCLT-;g{C'tS:*5. M^^lit^tiJ b^^To 
fcc ^ro/N°!7-(i. Sftf{^i!^^^tHb)^roS!fc^{cJ; tJ^'^.e 
5, i@^i?^tS^mb^FI5^J-^ii!3ig#'ti.Ji!. u— fy-^y- 
fi¥^feic^ffibffl r/N-!7-p r <Dm^ttl^^{:i^^iv 
5«Sfflrt-e, ^^f^i;jSft¥«^gE^t^JbiRH4;SS^#e.i^fco 

[0 3 7 2] P tXP t S 2 
^fil^gt^tti b^. ^<l?^^^^tiiblI;iS#^^B«{bb;^c* 
* /jj 5 ^ >^ T-{i, jfefs^b bT*3 < je:>^^5 ^ ^ y^co 

[0 3 7 3] 2|!:||Jfe^jOjSj4?|fe^i^tilbl^SrffiV^fe-r-f 
^^iJ' i:^fi?^fg^tilbl^S:fflv^7'jtv^7^^'^^T\ mti:^ 

-to 

[0 3 74] 

mm^m^m b 

Bl^iCb (dB) 



0.3 3 0 

0.4 4 3 

0.5 4 7 

0.6 4 9 

0. 7 5 0 

0.8 5 0 

n S-S i 02 roftt><?lrS i -N^WM, S i -O- 
N^^i"!^, S i 02 . S i O, T i 02 , A 1 2O3 , 
Y2O3 , CeO, La203, In203, G e O, Ge 

O2, PbO, SnO, Sn02, Bi 203, Te02, 
WO2, WO3, Sc203, Zr02J^TaN, A 1 N, 
A 1 S i N2 . S i 3N4^£^froA 1 -S i -N^^titSi-'iC 
i^<Dm^tm-^Mit^. ZnS, Sb2S3 , CdS, I 
n2S3, Ga2S3, GeS, SnS2, PbS, Bi2S 50 



3 0 

3 5 

4 0 

4 6 

5 0 

3, ^J:if<D^i[:^, SnSe2 , Sb2Se3 , CdS 
e, ZnSe, InzSes, Ga2Se3, GeSe, G 
eSe2, SnSe, P b S e B i 2 S es^Oir 

CeF3. MgF2. C a F2/.Cif<D^fb#>. *5tf4 
Si, Ge, TiB2 , B4C, B. C, •^tzn:ir.X 
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(40) 



2 2 3 3 7 2 



77 

li, mmmm^m 3 0 %{£t mm^^ 

i^ffib^tg»'bi^/>Lfc„ >f'PB^Jl<7?®t)f^tt. 1. 7 
]il±2. 3^T(Dt5|ffiT\ I^fffi. 3nmW±4 0 0 n 

[0 3 7 51 RlW®^^:fflV^ytA 1 -T i Oft*3!9trA " 
u, Ag, Cu, C, Si, Ge, Al, Ni, Fe, 
Co, Cr, Ti, Pd, Pt, W, Ta, Mo. Sb 

[0 3 7 6] SiKi: UT*Stc:ii:g?h7 3'^>:/;!f-r K* 



7* 



[0 3 7 7 ] fits, mi stc^LfcM^BE^mbfli^ 

1 1 ' <^iXt> 5 tm cmi^i: 2 o^'^ 

[0 3 7 8] [HJS^ajSD Hi fC^bi'bX'f :^:^'^Cjo^^ 

M^»c^tllbl^<^M^iSr£fc<Z)J:9(c^jb$-yrfci: 
[0 3 7 9] 



1 o« mmmi^Lm^mv^ 



(Cr4Te5)8o (GeSb2Te4)2o Ak 

.(Cr4Te5)60 (GeSb2Te4)40 Ak' 

(Cr4Te5)4o (GeSb2Te4)6o Ak' 

(Cr4Te5)2o (GeSb2Te4)8o Ak' 



= 5% 
= 10% 
= 20% 
= 3 0% 



3 7 d B 

4 2 d B 
4 6 d B 
4 8 d B 



[0 3 8 0] 



2 0%^Ak' <OfEffldW*bv>ri:ds 

fgi^mbi^+ost^cois (Am. p=Mm^ 



30 



sb2Te4 ^m\'^xmmMfi^^=kmt^-^tio 

[0 3 8 1] 



P t3 S b 
Mo3 S b7 
C o S b3 
C r4T es 



5 0 
15 0 
2 0 0 
^300 



13 . Am. p S 1 5 GOfSHdSif* LV'«r ir 

[0 3 8 2] mmif'i 1 0 ) mmif'i ? {cisic u/c^^ii^f^ 

ijs;^fcUI(C*3V^T. GeSb2Te4 j;^:^'}-ro+@^'(bJ5fe 

ri^^CJ£^^m^ifo5^S±. iSI;^.6 5 oriJAToib-e-ife. 

^^^^'g'M^l'iei^3 5cJiJL±o{b-g-it^(D'$ •ib(7)'>'^j:< i: 

-# T'fi ^ ^ ^ T -b I5]1^ 'IC-SmJi^t tbS o 
[0 3 8 3] <DP>Sn, Pb, Sb, Te, Z n, 
Cd, Se, In, Ga, S, Tl, Mg, TI2S 
e, TlSe, Tl2Se3 . Tl3Te2 , TlTe, 
InBi. In2Bi, TeBi, Tl— Se. Tl- 



5 X 1 
1 X 1 0« 
2X106 
^2X10* 

Te, Pb — Sn, Bi— Sn, Se— Te, S — S 

e, Bi— Ga, Sn — Zn, Ga— Sn, Ga — I 
40 n, In3SeTe2 , AglnTea , GeSb4Te 

7 , Ge2Sb2Te5 , GeSb2Te4, GeBi4T 
67 , GeBi2Te4 , Ge3Bi2Te6 , Sn2Sb 

eSen, Sn2Sb2Se5 , SnSb2Te4 , Pb2 
SbeTeii, CuAsSe2 , CusAsSea , Cu 
SbS2 , CuSbSe2 , InSe, Sb2Se3 , 
Sb2Te3 , Bi2Te3 , SnSb, FeTe. Fe 

2Te3 , FeTe2 , ZnSb, Zn3Sb2 , VTe 

2,VsTe8,AgIn2,BiSe, InSb, I 
n2Te, In2Te5 , Ba4TI, CdiiNd, Ba 
50 I3T1, CdeNd, Ba2Tl„ 
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[0384] Cr4Te5 Ui^OiSJgt^fife^i LTfi, 

[0 3 8 51 (a) ^B^-ftfife^J-iDStl/SdM 5 0~6 5 0 

[0 3 8 6] <Ai¥>BaPd2 , B a P ds , NdP 

d, NdPds . NdPds , Nd7Pt3 , NdsPt 

2 , NdPt, Nd3Pt4 , NdPt2 , NdP 

ts . Bi2Nd, BiNd, BisNd* , BiaNd 
5 . BiNd2 , Cd2Nd. CdNd, Mn2Nd, M 
n23Nd6 , MnuNd, NdsSbs , Nd4Sb3 , 
NdSb, NdSb2 , F e 2 N d , F e 1 7 N d 2 , C 
s3Ge2 , CsGe, CsGe4 , NdsSis , Nd 
5Si4 , NdSi, Nd3Si4 , Nd2Si3. Nds 
Si9, Cs2Te, NdTes , Nd2Te5 , NdT 
e2 , Nd4Te7 , Nd2Te3 , Nd3Te4 , Nd 
Te, Ceair, Ce2lr, Ce5slr45, Celr 
2, Ceirs, Ce2lr7, Celrs, CaPd, 
C a P d2 , CaGe, Ca2Ge, GeNa3 , Ge 
Na, CaSi2, Ca2Si. CaSi, Se2Sr. 
Se3Sr2 , SeSr, GeSr2 , GeSr, Ge2 
Sr, SnSr, SnsSrs, SnSr2,Ce2T 
1, CesTls, CeTl3, CesTls, CeT 
1, BaTl, Pdi3Tl9, Pd2Tl. Pd3Tl, 
Mg2Si, Mg2Ge, BaPd2 , BaPds , Ce 
4Se7 , Ce3Se4 , Ce2Se3 , CeSe, Ces 
Ge3 , Ce4Ge3, Ce5Ge4 , CeGe, Ce3G 
65 , CesSis , Ce3Si2 , CesSi4 , Ce 
Si, Ce3Si5 , CeSi2, CeTes , Ce2T 
65 . CeTe2 , Ce4Te7 , Ce3Te4 , CeT 

e, La3Se7, LaSe2, La4Se7, LaaS 
e3 , La3Se4 , LaSe, GeLaa , GesLa 
5 , Ge3La4 , Ge4La5 , GeLa, Ge5La 

3 , BaSe2, Ba2Se3 , BaSe, PdSe, M 
o3Se4 , MoSe2 , Ba2Ge. BaGe2 , Ba 
Ge, Ba2Te3 , BaTe, Ge2Pd5, GeP 
d2, Ge9Pd25, GePd, GeaPt, GeaP 

t2 , GePt, Ge2Pt3, GePt2 , GePt 

3 , PusSn, P us S n3 , Pu5Sn4, P us S n 
7 , Pu7Sn8 , PuSn2 , P u S n3 , PtsTe 

4 , Pt4Tes, PtTe2, GeNi, GesN 
is , Ge2Ni5 , GeNia , NiTeo ss, Ni 

Teo.775 , Nia±xTex , CriiGeis, CrG 

e, CriiGes , CrsGea , CraGe, CrSi 

2, CrsSi3, CraSi, CrsTee, Cr4Te 

5 , Cr3Te4 , Cri-xTe, GesMns , GeM 



(41) #r?B¥7 - 2 2 3 3 7 2 
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n2 , MneSi, Mn9Si2 , Mna S i , Mns S i 
2 . MnsSis , MnSi, MnnSiig, Mn2S 
n, Mn3.25Sn, MnTe, T e 2W, FeGe2 , 
FesGea , FesGe, Fe2Si, FesSia , F 
eSi, FeSi2, GezMo, Ge4iMo23, Ge 
i6Mo9 , Ge23Mot3, GesMos , GeMos, M 
o3Si, MosSi3 , MoSi2 , MoSn, MoS 
n2 , Mo3Te4, MoTe2 . Si2Ti, SiT 
i, Si4Ti5 , SisTis , SiTi3, SnsTi 
10 6 , SnaTis , S n T i 2 , SnTia , CoGe 

2 , Co5Ge7 , CoGe, CosGea , Co4G 
e, Co3Te4 , Ge7Rea , ResSia , ReS 
i, ReSi2 , Re2Te„ 

I0 3 8 7J (b) +a^'fbfife4^roSll-fedS2 5 0~4 5 0 
BflIEAi¥*fcttTIEBS|W^b-8-ifel. 4>-5V^ttiia-^6 0 0 

[0 3 8 8] <BS¥>C s3Ge. Ba2Tl, GePd 

3 , FesGes , FeTe2 , Co5Ge2 , N ds P 
20 d, Cs3Te2 , Ce4lr, NaPd, CasPd, 

Ca3Pd2 , Ca2Ge, SeaSr, CesTl, Ce 
Se2 , CeaGe, BaSea , GeSe2 , GeS 
e, BaTe2 , GePds , GesMnn, MnTe 
2 , Ge3W2 , FeGe, Fe4Ge3 , FeaSn, 
Fe3Sn2 , FeSn, CoTe2o 
[0 3 8 9] ( c ) m^i\^^^(Dm^f)^ 2 5 O'CiJiT^ 

stiiBAg^. Bi^^fcfiTiBcpro-fb-a-i^. ^)■5v^ttiil^ 

4 0 0'CUA±CO'fb-g-!^o 

30 10 3 9 0] <CS¥>Ba4Tl, CsTe, Ba4T 
1, BaiaTl, CdnNd, CdeNd, CssT 
64 , Ca3Pd, Ca5Pd2 , SnaSr, BaiaT 
1, PdTl2, FeSe2 , FeSe, Cr2Te3 , 
CrTea , FeSn2 „ 

[0 3 9 1 ] mmm 1 1 ] mm\im^m LB^^c^3v^ 

4Te5 i:G6Sb2Te4 (OXo\^. ^fl^MfiSL^K 

[0 3 9 2] mmm i 2 ] mmm^^m usi^ cota^ 

bTGe S b2Te4^. iif;Sjl^,^^<b UTC r 

xc/^N tmmmm^tai^'^m^Bimi^m^fctz^. ^ 

[0 3 9 3] 
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(42) 



!H!F^5p7 - 2 2 3 3 7 2 



81 



82 



( ) 



i ) 



5 

1 0 

2 0 
^30 

mm^f^^^mm (%) 



6X105 

1 X 1 0* 

2 X 1 0^ 
^ 2 X 1 0^ 
C/N (dB) 



g 3 0 

4 0 

5 0 

6 0 

r (Df^ikx y) . mmM.i&^'^^m.^ i o ~ s o %<Dm^ 

!6S*?*L.<. 2 0~4 0%^D^e^la^6SJ; LV'':! i:j5S 

[0 3 9 4] MmM.}^ii^^x'mim. mtm. mm. 



S4 8 
4 8 
4 6 
4 2 

[0 3 9 51 mmm 1 3 ] Lfimni^ x 

[0 3 9 6] 

CC) jgi^^fegc^ttiL/N*!7- (mW) 



Sn75Zn25 
I n2T 65 

G 62 S b2T 65 

[0 3 9 7] mmm i 4] m^^-^gtom-a-. ;^ 

fi, MJiS. 7~11. Sm/'s 4T'^{b-rS7ti?), 
r i^^C*^^S: LTrtil-ett 2 O n m. 4 0 n 

<fi'0. rtJ^, :51^Ja^Diffi^::^{c*^l/^T, C/N4 8dBi: 
^ig{c:iP)/&^-c-CG e S b T e^CDG e S b2T 64 

^^^iG 62 s b2T 65 mfie*>e><o-rttS:^ii^'^£< \^fz.h 

4 8 d B t ^^ 5 gi$f ?^eafi?{t^^l±l b#14^#;t„ 

[0 3 9 8] [^jfeM 15] El 1 4 {c. m.m\^^^vA b 



xj^^^y K5 o-eittts-rSo 

[0 3 9 9] U— if^ti: LTiI^it^fflV>5:©-g-«IS]0 
lHlSg4 3 Sria^iAA/T- (b) (Dm^t-t^c ^<f\-7.%<r) 

[0 4 0 0] ^*?»iejgftmB£^mu#tt^#-5fc4?)tc, 



2 5 0 3 
4 5 0 6 
6 5 0 8 

l^— 1^V-N-r7-|Sj;;g[p]gg4 7fih7S'=^>'^^S.t;«SS!]«;^ 

[04 0 1] P r/P t ^ 2 

R^J<^atb^7fe3S^5>^ft?t'fI5]BS4 8T':|^ttififWb. SLtL 
<^::^€: ^ l-JS CT u— y-*/N>7-S:ISfifiT'# SHISS^^ 

f-v<i7-is:^[H]sg4 7«i^iiA.ff„ rnirj:'?. mm 

[0 4 0 2] r^T% %^m.9iM<r>'SJ[\.ii\i.. 

[0 4 0 3] jgftm^^tliUfflll^©^<bSrl»<'/t*> m 

— !f;^7Ks/ hfS (;i/'NA) tT^<~-=f-^~-<DV7v^ 
:3^r6]<0■t',^l^*|5CD5$ a Ott (a : ^./NA) 1 / 3 ~ 

l/2{c:t:-#. iSgc/h^ — i^^ri^o-T^^-^^i^-C-. 0. 4^ 
/NA^ V TOgaiS-C'ti:^/^-^ 0%JlU±j|/.e-5/c 
/'^^U;x.^t:CO^;^;5S/>;iC< ^ vT^l. Sl/NAO 
50 $5iaT'H-v— ^^iE;9-JR^<JLTL*9 r 
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[0 4 0 41 •^~i^(Dmm^!^^tiiVi:mmic 

[0 4 0 5] 0. 41/NAgvTgl. 5 A/NA 
0. 3 k ^ x/T^ 0. 5 k 

"^(0^^^, C/N4 6 d B^#5r i:;iST'#yc:o k fitb 

0iJ3&^-e, l2l7ofl|3t©7^^;^^'^;l*5^^T^— tf/<i7- 

8mW, HiiSm/sCDBt, k = lT'fco3to ^ 
T^^mfz.-tt. C/N;65 2 d Bf^±L/Co 
[0 4 0 6] 0. 5A,/NA^vT^0. 9 ;i/NA 
0. 3 k ^ x/Tg 0. 5 k 

tO-CfcSo :*:|l«E^»J-r-Ji, SfrlE-^^ (8) OTOM 
[0 4 0 71 *-f> ffS 13cm. ff^l. 2 mmro/ff 

<Df>-'^yvt:m?L\m.mmm^r^i^x'^. ^tc. mm 

Bl*3lcgt#»tx C10±fCjp:$ 1 2 5 nmO (ZnS) so 

(S i Oz ) 2oji<Sr?^fifeUyt, icV^T. (SnaZn) 
80 (S nT i 2 ) 2oMS:3 0 nm. (Z n S) so (S i 
02 ) 2oJl, (Cr4Te5 ) 20 (GeSb2Te4 ) so* 
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*J^$r3 0 nm3^^b)t. i!felc: (Z n S) so (S i O2 ) 
20^Sr20nm, A 1 - T i jlSr 1 0 0 n m. mUkf^M 

lRlC«itOtOSr2o-f^S!!L, ^MT'fiiJfo 

[0408] mmi^m^m L^no u^-a-i. i^—^^< 

[04091 L^, j@ft|^|jg^m Ll^tiS 

[0 4 101 CIISSMi 7] mrfSll:^{^Ji 6oia9{c^ 

Lfc (SnaZn) so (SnTi2 ) 2 0 J; 13 /jr ^5 ® 

s n t T i o-^«^^^<b^-B:;t5 1 . mm^m^in b 

[0411] 



S nss Z n2oT i 25 
S n67 Z n2oT i 13 
S n75 Z n20 T i s 
S nso Z n20 

m. m 



> 2 X 1 0* [e] 
2 X 1 0* lel 

1 X 1 06 m 
5 X 1 0^ m 
105 mmm^m^th\^m<on±m-^<ocyN 



SnzsZnzoTiss 44dB 

S n30 Z naoT i 50 4 6 dB 

S n40 Z n20T i 40 4 8 d B 

S nss Z n20T 125 5 0 d B 
:itu<t 19. ftJlE— (8) e, {(DmWiiS ^n, Zn. T i (D^^m^—'^icW:-hti::d^hT I ^WM 

0^6^9 5. 5^ f ^5 omfiL.<. 4 0^6^8 ^ro-a^i^rilJcO J; td^-ft ^iirfc:^-^, 1 0^ m 

7, 1 3^ f ^4 0!6SJ:f9Af4LV>r i:36S*p;!)»5„ jg^i?^^^ttl U^OS^m-^<^C/N(±, J: ^ f-g^ 

[0 4 121 ^e>»C, Htria(0 (S naZn) so (SnT fkUyto 
12 ) zoXy)f£^mMikmyi-iiiU%2 6iCiS\f^X. S ^40 [0413] 



% 
% 



g = 0 
g = 1 0 
g = 2 0 

g = 2 5 % 

-tuitj, MK-^S:^ (8) (::*5(t-5g(Z)|E(ffltt0gg 
S 2 07!i5$fS L< , 0 ^ g ^ 1 OtJSJ; i9$f* UV^:: 



4 6 d B 
4 8 d B 
4 6 d B 
4 3 d B 

Z n<DXviZ.D. D' 25E,^(7?±J^) . E, F (DM-^it 
tC*Dl.^X. D-E. E-F, D' -Ef^la-^-tirA^t-T-^ 



[0 4 14] #IS5D. D' (fltlfSD *S J^IE S n , JO TtD; D-D' Oit^, J; •? 1 5 O'CJ!^Jhi?i!t<^>;6S^V^05 
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[0 4 151 mmmi 8} mt^mmmi 6(DSn-z 
n - T i J: t) ^^^mnmm^m i^m^. mm—^^ 

(8) ■TJm^nhW-mS.f^fDUn. Pb-Se, Pb- 
Ce, Pb-La. Pb-Pt, Pb-Si, Sn-S 
b, Sn — Se, Sn — Co, Sn-Cu, Sn-N 
i, Sn — Ft, Bi— Te, Bi-Se, Bi— C 
e, Bi— Cu, Bi— Cd, Bi— Pt, Zn— N 
i, Zn — Pt, Zn — La, Zn — Ce, Ga— C 
r, Ga— Cu, Ga— Ni, Ga— La, Ga— P 
t, Ga-Ce, In — Se, In-Sb, In— T 
e. In— As, In— Mn, In— Ni, In— A 
g, Pb-Sn-Se, Pb-Sn-Ce, Pb-Sn 

— La, Pb — Sn — Pt, Pb — Sn — Si, Pb- 
Sn -Sb, Pb-Sn-Co, Pb-Sn — Cu, P 

r ^ b-Sn-Ni, Sn — Bi-Sb, Sn-Bi— S 
■-' e, Sn-Bi— Co. Sn-Bi-Cu, Sn — Bi 
-Ni, Sn-Bi-Pt, Sn — Bi— Te, Sn- 
Bi-Ce, Sn — Bi— Cd, Zn-Sn — Sb, Z 
n — Sn — Se, Zn — Sn — Co, Zn — Sn — C 
u, Zn — Sn— Ni, Zn — Sn — Pt, Zn — Sn 
-Ni, Zn-Sn-La, Zn — Sn-Ce, Sn — 
Ga-Sb, Sn-Ga — Se, Sn— Ga-Co, S 
b— Ga— Cu, Sn — Ga-Ni, Sn— Ga— P 
t, Sn— Ga— Cr, Sn-Ga-La, Sn-Ga 

— Ce, Bi— Ga— Te, Bi— Ga — Se, Bi — 
Ga-Cu, Bi-Ga-Cd, Bi-Ga-Pt, B 
i— Ga— Cr, Bi— Ga— Ni, Bi— Ga— L 
a, Bi— Ga— Ce, In — Ga— Cr, In— Ga 

— Cu, In — Ga-Ni, In — Ga— La, In — 
Ga— Pt, In — Ga— Ce. In — Ga— Se, I 

/ j n — Ga— Sb, I n — G a — T e , I n — G a — A 
^' s. In— Ga— Mn, In — Ga— Ag, In — Bi 

— Te, In — Bi— Se, In — Bi— Cu, In — 
Bi-Cd, In-Bi-Pt, In-Bi-Sb, I 
n — Bi-As, In — Bi— Mn, In-Bi— N 
i, In-Bi-Ag, In-Bi-Ce, f£tlC^M 

[0 4 161 mmmi 9 m^mmm 1 6 (D (^sn 3 

Zn) 80 (SnTi2 ) zo i "9 ?*^5;Sftf{tiSt^tt} bfll 

HuiB-^Sst (11) x-m^n^w-ms.j^(Dm. m 

xfiS 0 51 I n4oC r9 (i^it,^!.^^C r3 S e4 ; . ti 

mtf^"^ ; I n s e) fj: tiz.mw.L-x hmm<Di^mm% 

P>tuS„ ^^fU BS^WL-ert6ill#C7i52 X 1 06 JeiSX 

±. 105 mmfimm^tiii.'^<Dn±m^-(oc/NAi4 

6 dBlii.±tfj:^mm—^x^ il 1) 'P<Dp, q. r, 
s (DtEHfi, 4Q^pg95, Ogq^55. 5^r^ 
5 0. 0 ^ s ^ 2 0 T'foo/c„ 8 dB&.±t 

T'i-S J; 1?^?* LV^talfflfi. 50^pg80, 0Sq^4 
0. 10^rS4 0. 0 ^ s S 1 0T-feo7t„ Sfc, Zl 
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[0417] mmm 2 0 ] mmMmm 1 9 © s e - 1 

n - C r ct 19 t£^mmi^M^tii U^^. HUlE-j^^ 
(2) Xm^tli)^i^m.l3^(Dm. Se-In-Si, 
Se — In— Ag, Se— In— Al, Se — In — B 
a, Se— In — Ca, Se— In — Cd, Se— In 

— Co, Se— In— Cu, Se— In— Mg, Se — 
10 I n— Mn, Se-In— Mo, Se— In-Ni, S 

e— In — Pd, Se— In — Pt, Se— In — T 
a, Se— In — Ti, Se— In — V, Se— In — 
W, Se-In-Y, Se-In-Pb, Se-Sb- 
Si, Se — Sb— Ag, Se-Sb— Al, Se — S 
b — Ba, Se — Sb — Ca, Se — Sb — Cd, Se 

— Sb— Co, Se— Sb — Cr, Se — Sb— Cu. 
Se-Sb-Mg. Se-Sb-Mn. S e - S b -M 

0. Se-Sb— Ni, Se-Sb-Pd, Se-Sb 

— Pt, Se — Sb— Ta, Se — Sb— Ti, Se — 
20 Sb-V, Se-Sb— W, Se-Sb— Y, Se-S 

b — Pb, Se— Bi— Si, Se— Bi— Ag, Se 
-Bi— Al, Se— Bi— Ba, Se— Bi— Ca, 
Se— Bi-Cd, Se— Bi-Co, Se-Bi— C 
r, Se— Bi— Cu, Se— Bi— Mg, Se-Bi 
— Mn, Se— Bi— Mo, Se— Bi— Ni, Se- 
Bi— Pd. Se— Bi— Pt, Se— Bi— Ta, S 
e-Bi-Ti, Se-Bi-V. Se-Bi-W. S 
e— Bi— Y, Se— Bi-Pb, Se— Te — Si, 
Se-Te-Ag, Se-Te-Al, Se-Te— B 
30 a, Se— Te— Ca, Se— Te— Cd, Se-Te 

— Co, Se— Te— Cr, Se— Te— Cu, Se — 
Te— Mg, Se— Te— Mn, Se— Te— Mo, S 
e— Te-Ni, Se— Te— Pd, Se— Te — P 
t, Se— Te-Ta, Se— Te— Ti, Se— Te 
-V, Se-Te-W, Se-Te-Y, Se-Te — 
Pb, Se— Au — Si, Se— Au— Ag, S e — A 
u— Al, S e — Au — B a , S e — A u — C a , Se 

— Au — Cd, Se— Au — Co, Se— Au — Cr, 
Se— Au — Cu, Se— Au— Mg, Se— Au— M 

40 n, Se— Au— Mo, Se— Au— Ni, Se— Au 

— Pd, Se— Au — Pt, Se— Au — Ta, Se — 
Au— Ti, Se— Au-V. Se— Au— W, Se — 
Au— Y, Se— Au — Pb, Se— B — Si, Se — 
B— Ag, S e — B— A 1 , S e — B — B a , Se— B 

— Ca, Se— B — Cd, Se— B — Co, Se— B — 
Cr, Se-B-Cu, Se— B-Mg, S e — B -M 
n, Se— B-Mo, Se-B-Ni, Se— B — P 
d, Se— B — Pt, Se— B — Ta, Se— B — T 

1, Se-B-V, Se-B-W, Se— B-Y. Se 
50 — B — Pb. Se— Cs — Si. Se— Cs— Ag. S 
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e — Cs— Al, Se-Cs— Ba, Se— Cs— C 
a, Se— Cs— Cd, Se— Cs— Co, Se— Cs 

— Cr, Se-Cs-Cu, Se— Cs— Mg, Se — 
Cs-Mn, Se-Cs-Mo, Se— Cs-Ni. S 
e-Cs-Pd. Se-Cs-Pt, Se-Cs-T 
a, Se-Cs-Ti, Se — Cs— V, Se-Cs — 
W, Se-Cs-Y, Se-Cs — Pb, Se-Sn- 
Si, Se — Sn-Ag, Se — Sn— Al, Se-S 
n — Ba, Se — Sn— Ca, Se — Sn — Cd, Se 

— Sn — Co, Se— Sn— Cr, Se— Sn — Cu, 
Se-Sn— Mg, Se — Sn— Mn, Se — Sn-M 

0, Se — Sn— Ni, Se — Sn — Pd, Se— Sn 

— Pt, Se-Sn-Ta, Se — Sn — Ti, Se- 
Sn -V, Se-Sn-W, Se — Sn— Y, Se-S 
n-Pb, Se-Tl-Si, Se— Tl-Ag, Se 
-Tl-Al, Se-Tl-Ba, Se-Tl-Ca, 
Se-Tl-Cd, Se-Tl-Co, Se-Tl-C 
r. Se-Tl-Cu, Se-Tl— Mg, Se-Tl 
— Mn, Se-Tl-Mo, Se— Tl— Ni, Se- 
Tl-Pd, Se-Tl-Pt, Se-Tl-Ta, S 
e-Tl-Ti, Se-Tl-V, Se-Tl-W, S 
e-Tl-Y, Se-Tl-Pb, Se-S-Si, S 
e-S-Ag, Se-S-Al, Se — S— Ba, Se 

— S-Ca, Se-S-Cd, Se — S-Co, Se — 
S-Cr, Se — S — Cu, Se — S— Mg, Se-S 
— Mn, Se^S— Mo, Se — S — Ni, Se-S- 
Pd, Se — S — Pt, Se — S— Ta, Se — S-T 

1, Se-S-V, Se-S-W, Se-S-Y, Se 

— S-Pb, Se-Ge-Si, Se— Ge-Ag, S 
e— Ge— Al, Se— Ge— Ba, Se— Ge— C 
a, Se— Ge— Cd, Se— Ge— Co, Se— Ge 

— Cr, Se— Ge— Cu, Se— Ge— Mg, Se — 
Ge— Mn, Se— Ge— Mo, Se— Ge— Ni, S 
e-Ge— Pd, Se-Ge-Pt, Se— Ge— T 
a, Se— Ge— Ti, Se— Ge— V, Se-Ge — 
W, Se— Ge— Y, Se-Ge — Pb, Se-Pe- 
Si, Se-Fe-Ag, Se-Fe— Al, Se-F 
e— Ba, Se— Fe— Ca, Se — Fe— Cd, Se 

— Fe— Co, Se — Fe— Cr, Se — Fe— Cu, 
Se— Fe— Mg, Se — Fe— Mn, Se— Fe-M 
o, Se— Fe— Ni, Se-Fe — Pd, Se-Fe 

— Pt, Se— Fe-Ta, Se— Fe— Ti, Se — 
Fe-V, Se-Fe-W, Se-Fe-Y, Se-F 
e-Pb, Se— Zn — Si, Se — Zn-Ag, Se 

— Zn-Al, Se — Zn — Ba, Se — Zn — Ca, 
Se — Zn — Cd, Se — Zn — Co, Se — Zn-C 
r, Se— Zn — Cu, Se— Zn— Mg, Se— Zn 

— Mn, Se— Zn— Mo, Se — Zn— Ni, Se — 
Zn-Pd, Se-Zn-Pt, Se— Zn-Ta, S 
e-Zn-Ti, Se-Zn-V, S e - Z n -W, S 
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e-Zn-Y, Se-Zn-Pb, ifl^l^JE UT fclH 
[0418] [^Jfe^iJ 21] H 7 tt. ^IgCOMl-UDtil 

3, 13' i: LTffi^^fc^*^ ^jSSfl?iJli05^w;^^'t>tiK 
10 [0 4 2 0] i-Tje^^-b. M(;:-tffat'5/ h^^-rsTjf y 

^ — Tf.^^- 11, 11' <D±(c:, 1 2 5 n 

ra(0 (Z n S) 80 (Si O2) 20IIIJ: <3 t^^^m^ 1 

2, 12' ii^^Mfm^-^i^. ^mmi2. 12' <d 

^^-f) <k, I^JP^t) 3 O n m«) ( (Ag2Te) 30 (S 
eso— T e2o) lo-tf^iolbA g2oT e24 S e56<75M^O 
•^:^^mi 3, 13' t. ^W-^if0 2 5nmO (Z n S) 
80 (S i O2) 20MJ; 13 1 4, 14' t.m 
JSS 0 nm©A 1 97T i 3^J;«3 1 5, 1 

20 5' ^Mtim^^nx\i^^. RMmis. is' 

■^yti-i. m^mA-tbAk^ti^o -^y^^mis, i 
3' (D^\ci-±^ mmmi tmm<Dj^m mimm) x-m 
mf^^^Ag2T eiimtai^xioy). ^om^^ (eii 
i^^tf^mmtf$.^3 a\cnmi-?)i>(o) « (seso- 

Te2o) T?$>5o 
[0 4 2 1] (fSgi^^^(D{&<^<?iJ) -v^^/il 3, 1 
3' ^iZ^mVtcmma^J^'T^tl.Xi-i. Ag2TelJA^ 

30 [c, ^^S^jl^o<tt>*3T'a^-<fc'b(7)^ffiv^s^i^s-r'% 

[0 4 2 2] (Mmf^^^vrtiim(Dmf$.^(om(Dm) m 

miJ^^'$^Sk^<omSi!i.^X-^i> S eso-T e20O— SP^fc 
tt^aSSrSn, Pb, Sb, Bi, Te, Zn, Cd, 
Se, In, Ga, S, Tl, Mg, Tl2Se, Tl 
Se, Tl2Se3, Tl3Te2, TlTe, InBi, 
In2Bi, Te'Bi, Tl-Se, Tl-Te, Pb 
— Sn, Bi-Sn, Se-Te, S — Se, Bi— G 
a, Sn — Zn, Ga — Sn, Ga — In, I n3 S e 
40 Te2, AgInTe2, GeSb^Te?, Ge2Sb2T 
65, GeSb2Te4, GeBiTev, GeBi2T 
64, Ge3Bi2Te6, Sn2Sb6Sen, Sn2Sb2 
Ses, SnSb2Te4, Pb2Sb6Ten, CuAs 
Se2, Cu3AsSe3. CuSbS2, CuSbS 
e2, InSe, Sb2Se3, Sb2Te3, Bi2T 
63, SnSb, FeTe, Fe2Te3, FeTe2, Z 
nSb, Zn3Sb2, VTe2. Vs T e 8 , Agln2, 
BiSe, InSb, In2Te, In2Te50^*jCD 

50 ^^fi'm<omx'm^t^A.xi>. aai/^«i$tt*s#bn5o 
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10 4 2 31 mM.i>^&BO° cWTt?fe 
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[0 4 2 4] M{ti£^^fcb{^*3^^T. ^m(om 

[04 2 51 mfi^^(Om^ii^ 2 5 0' Cli(T«0#^. iti 



Ak 

Ak 
Ak 
Ak 



= 5% 
= 10% 
= 20% 
= 30% 



[0 4 2 6] 7t^^:v h 3 1 O^ttM^Oi^t) 2 5 %cdS$CO 

^{C4olt5)-7^^^ 1 3, 1 3 ' (D^S^ii: k (TJ^-fb* 
Ak" J5s^<ki-5<b> 1 05[Hl»ffiL/c^<^#^{t-^ 

[04 2 71 

1 o5|oi0g;^ffium<7)SM-§-<^c/'N 

3 7 d B 



r(^3^S<tt). 2 0%^Ak' <0|5Sii;&s»*LV^r 

[0 4 2 8] i^g!l:;^^^ro^ffffi^C0?J^^Oli;^ (m. 
p. ) d^^fbbfc^^s 1 05[H]^;z^ttlL;^cmcoS^{t 

[0 4 2 9] 

1 o^ml^^m\^<o'^<on^m^■(oc/u 



4 2 d B 
4 6 d B 
4 8 d B 
3, 



m. 


p. 


= 10 0* 


C 


4 g d B 


m. 


p. 


= 2 50* 


C 


4 8 d B 


m. 


p. 


= 4 0 0* 


C 


4 7 d B 


m. 


P . 


= 6 5 0° 


C 


4 6 d B 


m. 


p. 


= 7 0 0° 


C 


4 0 d B 


m. 


p. 


= 7 50* 


C 


3 3 d B 



5 0* CyT*S«fab<, 2 5 0° C&.Tt^i.^t^^V 
[04 30] m-^m 22] El 9 fi. MMM 1 (D^^^t 

rtjcioT, mm(DW±mi^ ^mmi^^^i ^mmx- 
[0431] :L(o'f^7.if wsfm<r>^mim^ 

V <D±.\Z., (Z n S) 80 (S i O2) zofllJ: (3 /.eS^ 

mm2, 2' -b^^ti^Mj&^in,. %mm2, 2' <di. 

\Ut\m:L. I2^J^3, 3' t (ZnS) 80 (S i O2) 
2oli^J;i9/j;Sf F^^4. 4' l97T i3liIi<5/.^5 

5. 5' lll±tt. ^^^ij® 6^c:J;oT|£l3-g'^?$i^TV^ 

So 

[0 4 3 2] ISMS' fl. Stfil' m'l/i^PjJlK-iBg^ 

[0 4 3 3] mMm2 1 tmc ( (Ag2 

Te) 30 (Seso — Te2o) 7 0 A g 20 T e 2 4 S 

TV^S„ ^mf*ii« (ZnS) 80 (S i O2) 2oai{Cj: 

t5.mmti.xn. mmrnKD^im^ 



3' 

[0 4 3 4] 5^ 0 



4 //m£D|H^-e— ^i'^O. 8 Aim 
^#bttfc:S^i{t-^WC/N»i4 6 
d BJeA±. ti*l:ttt2 5 d BW±-r-fe o/c„ 
[0 4 3 5] r»-v'>?.^®fl, :iC0^5gc75'ltlftf5^ffi^ 

[0 4 3 6] r ^D^^£^?lJ-C3^l!'<■C^^Jfc^^^^co^^T^4. 

[0 4 3 7] mmmz 3] ^(Drnmrnf^T'^ ^i^'iikm 
uyto i: mim v^mf^xh 9 , njg^aj 1 <oa 1 - t i s 

M^l. 1' tc^-^;tT, 1S.mm3. 3' <DXvti:mmiM. 

!&^^^tpm^RHm t vxm\/^x\,^^M(D?f.ii>mf£ 

30 [0 4 3 8] RMm'P<DMm^f&^i^-^^^XU. MMM 

1 tmmxh^. 

[0 4 3 9] Rtiim'p(Dmm^!iSi.^7!)mtii 

*fcfij^lS:g|5 (^^^i^^) kiOSL — -r^tORSItt^cfcoT 

2 0%ilJAJi^{bb. *fc^Mn*5j;t>*;^Mk/5Si«l^ 

[0 4 4 0] t LT. mJW-8 0 nmO (L a B 

i) 3oB i 70®^^fflV^fc^i•g■. Sg;^ttlLB#(^jSft?flfe^m 

-/O -g.$ 0. 4 urn <DfiM-^ — i^ ^0 . 8 m m 

ia^T'»V^fc^'a•. #ibttfcS^{t^OC/N{i4 6 d 
B&.±. 5 dBU±X^b^rz.o 7^*5. (La 

B i ) 30 B i7o®-C'(±, i^S4^^5i-t±L a B i T'fo , 
*B^^b^:9-tiB i ffeSo 

[044 1] mmikt0i^i>m^ix^mmi-i. js^oji 15 -c- 

3 5T'{i, R^m'P<0{l'^^£< t hnmtFSi'^B i 

L-c, li^ffiifT^W^Mn *^c(ijftW k o/>/j; < t 
*-/65<g:Ti-syh4?), ill 8 t L-C« < $£13 3 



-46- 



91 

[0 4 4 2] -:>5. 'i^^B\\L\.fzMW^m<o'm^^mr(: 

[0 4 4 3] ^(Dm^. ifktiifl&mS 4i>m8<D^of£E. 

[044 5] (.B^i^(Dm(r>m) iSSM^^^^L a B i © 
m^^X'h^B\(D-^t.1tft±^^Sn, Pb. S 
b, Te, Zn, Cd, Se, In, Ga, S, Tl, 
Mg, Tl2Se, TlSe, Tl2Se3, TlaT 
62, TlTe, InBi, In2Bi,TeBi, Tl 
— Se, Tl— Te. Pb — Sn, Bi— Sn, Se — 
Te, S — Se, Bi— Ga, Sn — Zn, Ga — S 
n, Ga — In, In3SeTe2, AgI-nTe2, G 
eSb4Te7, Ge2Sb2Tes, GeSb2Te4, G 
eBi4Te7, GeBi2Te4, Ge3Bi2Te6, S 
n2Sb6Seii, Sn2Sb2Se5, SnSb2Te4, 
Pb2Sb6Ten, CuAsSe2, CusAsSes, 
CuSbS2, CuSbSe2, InSe, Sb2Se3, 
S b2T 63, B i 2T 63, SnSb, FeTe, Fe2 
Te3, FeTe2, ZnSb, Zn3Sb2, VTe2, 
VsTea, Agln2, BiSe, InSb, In2T 
e, In2Te5, ^^.C 5 t t.—0^3£fifer5> 

t-r?>unxm^m^xh. i£v^#tt*q#bnso ' 

10 4 4 61 3 5 0° CSXT<Dm^. M 

[0 4 4 7] (^(Dm) ^<DmMm(DRmmi-i. 
(Dss.mmmmi:m\f^fj:\'^m^(D^mi:\cxoxmm^n 

[0 4 4 8] mT'^6-<T^^/j:v^*:3®^co^^■r«, MM 

[0 4 4 9] 

[0 4 5 0] :L<D^m<r>^m.ummm!m<Dm^:^mc:;: 
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[0 4 5 1 ] &.±m.m\^tcXvi^. MPJlditK^. # 

m:^(Dmmi^m^iiii^t)'^'^mxh<o . mmi^m^tiii^<^ 

[mil z(D?tm(Dmm.te.mmt^<Dmmm<Dmmmnm 
(ou^wfmmx. (a) {■i.&^(oMm^f$.^7i^^mi^-k. 

i^(D. (b) Jittt«tOiSSi^^:9-Wffibfc:t». 
10 (c) ii^lim<DMm^^'^^'^^mi^tih(D^^ir„ 

[1212] =.(D^mff)mmmmmi^(ommm(Dn^mmm 

X. (a) (i (b) (DD-Dmi:LiQ'^tcmmm. (b) 

\-i^<omnfs.mmi^<Dn'^WrmmxibZo 

[[34] w.mmmm^i^^mi.tinm^^^^<o--i-m<^m\ 
^^^m.mi-^^^mwx\ (a) itn^<DMmj^f^ 

^ICOl/N-C. (b) (c) f*tt*^C7?i^S!!■^,^^^CO^/^-C 

20 [0 5] :i(D^m(omm.^s.mmw(Dmmm^^ir. m2 

(a) i:l^«<0«f|J^©fBIE|-r'fc5. 

[n 6 ] r (D^m(Dmms.mmmm(D^mm0:>mMm<D 
^nmmxh^. 

mmxh?>o 

[US] mm^^^(Dmm^m.mir?)tziit>(Dmxh^o 

±^mmmxh^o 

30 4(DE.fk^mXh^. 

[Eiii] ^(Dmm(DmmtE.mmmm(DV&mm(Dmmm 

5<7)=^+ill-C'fcS„ 

[lai 2] :^mmi^^^mmikm^m\^7'^ 7.itr(D&im 

[013] mmmm^tiii^m<DmmtsiMm(Dm^^^ 

■tm. 

(m 1 4 ] mnmm^ia vmu<o-yu y ^ 

1, 1' -m^. 2, 2' ■■■'^Wm. 3, 3' -IB^ 
40 3 a -tB^^l:;^^, Zh-'-mk^-.J^'^. 4, 4 ' - 

^w^m. 5. 5' •••SMS. 6-"g^*^ijji. 11, 1 

\' 12, 12'^-i*fl®. 13. 13'"^|a 

m%. 14, 14' -^fm. 15. 15' •••sttii. 

16-g?*^J®. 3 2 a, 3 2 b"-|5^-^— 3 3-" 
-=^7^ t\.Xm<W^. 3 4-^ttH$5ia. 3 5-i^ffi^ 

1^0 
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iBi 1 la 2 

Cb) 




(c) 
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[1^8] 



11. II' : «fi 

12, I 2 • : ttHA 
13.. 13* : -fxva 

14. 14' : ^mK 

15, 10' : l-j M 

I B : HMtnm 



isr s 



3 1 



3 2 




3 G smfm 



[mg] 




A 1 -T i JB 

<Z n S},.(S 1 0.)..S 

(G r .T e ,),.(G e S b .T e ,).,< 

(Z n S),.(S i 0.)i.« 

(S n ,Z n)..<S n T i >>.,fi 

(Z n S),,(S 1 0.),,H 
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[Hi 0] [mil] 

EI 1 O OB 1 X 




Cr = 10% Cr>=10« 
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(51) 



^TMW- 7-223372 



imi 4] 
(SI 1 4 



C) 



1 



4 1 



I 



4 2 



SCSI. GPIB 



4 4 



4 4 



><b) 4 3 



5 2 



4 6 



4 5 



4 6 



(a) 



4 8 



4 9 



5 0 



5 1 



(51) Int. CI. « 

G 1 1 B 7/26 
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imns] W-f&l 3^4M 3Jd (2 0 0 1. 4. 3) 



m^mW- 7-223372 
liJtfflBl ^fife7^8fl 2 2 0 (1 9 9 5. 8. 2 2) 

[^i^^■m {^mn^m^m 7-2234 

IWjS#-§-l Wm^6- 1 3 5 3 6 7 

B41M 5/26 

G11B 7/24 511 

521 

541 

7/26 531 

[F I] 
B41M 5/26 X 
G11B 7/24 511 

521 N 
541 Z 
7/26 531 



imtUB] 2^7 M 1 4 s (2000. 7. 1 
4) 

I^MjE 1 1 

S b X T e y Ap B q C r 

HtFlBAliG e*5j;y!l nii^hti^^m lmi)^^bm^•£tlitO^ 

Ag, Ba. Co, Cr, Ni, Pt, Si, Sr, A 
u, Cd, Cu, Li, Mo, Mn, Zn, Al, F 
e, Pb, Na, Cs, Ga, P d . Hi, Sn, Ti 
*5 J; OS vji^ e> 5 ^ 2 mA^hmi-iUxtzii^^j: < th-^<o 



tfllEx, y, p. <i:fSXZ/T<DmiiLm^-rtlh!^^^<~- 
-feVh-e. ^tb^*tb2^x^4 1, 2 5^y^75, 
0. l^p^eO, 3^q^40, O. Igr^SOCD 

LjHk 

<D^T'^LfcB$, 2 0^k/ (j+k) S4 0T'fo5iiia 
S bxT ey ApBq 

Ag, Ba, Co. Cr, Ni, Pt, Si. Sr, A 
u, Cd, Cu, Li, Mo, Mn, Zn, Al, F 
e, Pb, Na, Cs, Ga, Pd, Bi, Sn, Ti 



sffisx, y, p^xx/<i(Dmmt\,^-rtihm=f-^°~-±iy 

h-T% •?:tU-€tb2 g X ^ 4 1, 25gy^75, 0. 1 
LjHk 

<Oi^-r'^LfcB#. 2 0^k/' (j+k) ^4 0T'fe5ila 

(G e a S bb T ec) i-d Xd 

ttflEXfiC r *5j;-0*Ag, Ba. Co. Ni, Pt. S 
i, Sr. Au, Cd, Cu, Li, Mo, Mn, Z 

n, Al, Fe, Pb, Na, Cs, Ga, Pd, B 
i. Sn, Ti, V, In, W, Z ntS^X/'^ >f / ^ 

a, b, ctS^V^dt^. ^rtl-etuO. 0 2^a^0. 1 
9, 0. 04SbiO. 4, 0. 5gc^0. 75, 

0. OS^d^O. 3, CD|BiaiCfei9. 

LjHk 

(O^T'*LfcB#, 20^k/(j+k) ^40T-fc^iiia 

m<r>m'px(D^^-sn-tmts.^X'^^i,m±i om^%(o 

(GeaSbbTec) i-dXd 
T-^^P^tt, miKXIiC riJitJ^Ag, Ba, Co, N 

1, Pt, Si, Sr. Au, Cd. Cu. Li, M 
o, Mn, Zn, Al, Fe, Pb, Na, Cs, G 
a, Pd, Hi, Sn, Ti, V, In, W, Zn*3j; 



Hiri2a, b, ci6XX/d-i>, ^M'tlO. 25^a^ 
0. 65, O^b^O. 2, 0. 35^c^0. 75, 
0. 0 3^d^0. 3<DmW^h^. 

LjHk 

(D^XmVtzB^. 2 0gk/' (j+k) ^4 0Xh^m 

m(Dm'px<D^^Mitntim^xj^^^m.± i om'f-%<D 
^\ci6\,>xm&^^^m-t^^ t^^mt-ri>m:!^mi 

afrlBB43j;tJ«X©d^/j:< i: t— *-r-^fc»$*T,55D^4r-& 

mmM.]$.^i)^^f£i>^msii!i^^/wX'isy) . mm^^^(D 
^(Dm^Mvxi o~5 o%(Diisimizh^m^^i7bm 

titi^ :^^^^u^-tf~M.<DmM^^i-fx^]^^m.^mm 
mticx-oxmm ^ie^* tc i^m-^-t 5 it ^leM mm 
^^m^t.Mmm^mm\^m(o-7:^^mt\^xm^. 

*^^R^m<omm7i^. 1 5 0 n mUt_h soon mJJtTt? 
d-o^A^TffiilJcS i 02Jiil2«ikl^1IiltCZ n S - S 1 02 

[fff^iji 0] m^R±icm.^h{^<it^mm^^i^xm 
i^^^tim^m Lm \^~j^(Dmm^^ifxmmm^^^± 
■f^mmmm^ta \.mmm^mir^mmummi^x}h':> 

De Ef Fg 

T'^$n. mllEDflS n. P b , Bi, Zn, Ga. I 
ni}^hm\-S.Mz.'P^i:< thl^<Dytm. srllEEfiAs, 
B, C, N, O, S, Se, Si, Te, Ag, Al, 
Au, Ba, Be, Ca, Cd, Co, Cr, Cs, C 



2- 



u, Fe, Ge, Hf, Hg, Ir, K, Li, Mg, 

Mn. Mo, Na, Nb, Ni, Os, P d . Pt, R 
b, Re, Rh, Ru, Sb, Sc, Sr, Ta, T 

i, V, w, Y, z r ^y)i^^m^y)mitri^fc{>^£< t 
^ft(±v^-ftttM?-^-«— fe> Ht?, ^nma 0 ^ e ^ 

95, 5gfg50, 0 ^ g ^ 2 0 0|EH{;ifo 19 , 
LjHk 

05xCT'^ L/cB#. 2 0^k/ (j+k) S4 0-Cfc5m 

jBiit;^jfe-cfeoT, mm^-^fci-imm 

^nmticx^xmm^mm^fci-tw^-t^mWitimmm 



i^mmiE 3 1 

miEMmmn^] 0026 

[0 0 2 6] (12)tirlE2, 5*3j;t)«6<OV>-riXd»{C 
LjHk . (6) 

<0^1?^ L;tB#, 2 0gk/'(j+k_) ^4 0 (7) 

mjEn^mn^] 0052 

[0 0 5 2] (3 8) MlE2 6*fcf±3 2CDV>-ftV;?)4C 
LjHk (6) 

(D^X^ LfcB#, 2 0 ^ k / ( j +k) ^40 ( 7 ) 

miEM^m^^] 0 12 3 

10 12 31 ii5Sli-^,^^<0@Jff^ (n, k) Oif*bV^ 
iKHJi, ♦B^'(fcfi£:9-J55G e - S b - T e m<Dm^n. 
5. 0^n^6. 2, 1. iSk' ^6. 1 T'fe 
•9, tS^'fk^:^-;*^ I n-S b-Te3^cr):^-a-«, 1. 5 
^nSl. 8, 0. 6^k' ^3. 6 T'foSc 



